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(54) PHYSIOLOGICALLY ACTIVE PROTEIN P138 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new 
protein, comprising a peptide having a modified amino 
acid sequence of a myosin-bonding subunit and having 
the ability to bond to an active type Rho protein and 
further a site to be phosphorylated and useful for 
treatment, etc., of tumor, cardiac and cerebral infarctions. 

SOLUTION: This new protein or its modified protein 
comprises a peptide or a protein having a modified amino 
acid sequence or a myosin-bonding subunit or its 
equivalent sequence and has the ability to bond to an 
active type Rho protein and further a site to be 
phosphorylated present in its structure. The new protein 



is used as a therapeutic agent, etc., for diseases 
concerned with the active type Rho protein for 
treatment. etc., of tumorgenesis, infiltration or 
metastasis of cancer, diseases causing the acceleration 
of cell aggregation (cardiac infarction, cerebral 
infarction, inflammatory thombosis, etc.), circulatory 
diseases causing the acceleration of contraction in 
smooth muscles (hypertension, arteriosclerosis, asthma, 
etc.), etc. The protein is obtained by separating a 
crude membrane fraction from a bovine cerebra cinerea 
homogenate, extracting the resultant homogenate with a 
buffer and purifying the extract solution with an 
affinity column. 
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^^^«-Cfco-C. i^SB^(|;^5^ttMRh 0^5'^-^^:^^®^'^ 




1 

mm ^ fc cD^ffisB^fj ^^-r ^ k * ti: ^ 
sa^ij^/c(^^<^^ffi@a^fj^^-r^-<:7^^ K^fct^:^' ^^^^ 

[ff*:^8l Rh o^i/^^:^^H^^ R h o A >5r ^^^^ 
Rh o B^J'^^^^^^S. Rh o C>5^>-^^>5^M. ^i^ct* 

t><^T*fe^. if*:S5~l OV^-rtt;0^— :S(ClB«<D-<:r 

Iff 1 3 1 mmm-B- 1 {-lEft^n^r ^ y mnmco 

1 — 7 0 7 #OgB^iJ^ b<f^699 — 976 SogS^iJ-^ 




^m^^l 0-5 7 0 7 4 



2 

[ft 1 4 1 iEa?iJ#-§- 1 {CiB® ^ tt -5 T ^ y ^IB^UO 
l'-'7 0 7#CDia^lJ^ l.< fi6 9 9 — 97 G^COlB^iJ^ 

m^mi 51 iB^iJ#-^3tClB^^tt^:^T^y^iBa?(J 
t>L.< {*^cr)7 5 4 — 1 0 3 0#<OBB^U. ^fcCi^tti^ 

t>o-C^^. ff*^5 — 1 2covN-rtt;0^— ^(-fB«(0^ 
t> u< {i-^<o7 5 4 — 1 0 3 o^oia^u, :^fc(^^n^ 

^<D-t?$>^, M^^5— 1 2(^V^-rtt:d^— 3g{clE^co-< 

[|f^«l 7] iB?^lJ#-§-l (CiB^^tt-5T^ y^^SE^iJcD 
1 — 7 0 7#<DSB^fJt» U<(^699 — 976 #<Dia^fJ^ 

1 — 7 0 7 #cDgaMt> U<{^699 — 976 #<?DiB^iJ^ 

[ft 1 9 1 iB^U#-^ 3 (C1B« $ ^ y ^IB^iJ 

t»U< {^^CD7 5 4 — 1 O 3 0#c^iB^(J. ^fct^-^tt^ 

30 ^y'^v^tcn^:^^<i^Wo 

Iff 2 0 1 mmm-B- s ^^^^-r ^ y ^la^y 

^L.< fi^c0 7 5 4 — 1 0 3 0fi:(O@a^iJ. ^:rcf^^;h.fe 
[ft*^ 2 1 1 5 — 2 0 V^Tt^;^^^— :^{ClSSco-< 

Ilt^^2 3l K-<^^— . ^7^/i-;^-<>>^ 

^^CO-C^^. |f*:®2 2tCiE«cO-<>J^^— « 

[ft^:^2 4l M^:5 2 2^fcf"±2 3(CiSgfe<D-<>>^ — 
N I H/3 T 3^J!S. y W-^^JS^. Si*i^^J9S. CHO 

im>^m 2 6 1 2 4 ^fcf^ 2 5 {^w.m<om^mm 

50 ^IrJg^U. '^Urig«ife:0^^S*::^5 — 2 0V^Ttt7^^- 




3 



1 — 2 0 V ^-ri^:^^— :S(C|B^co-<:7^^ K t> U < ^ >'^< 

1 — 201 ^'rtif)^—mK^m(o^y"f - vi^v<\-t^ 

[ff*^2 9l (1) V—^>'^<DM^tfj:^m9 
^UT (2) ??^ttMRh o^^-^^r^^®^ 

n-^^^. n^m2 9~^ra^3 o{^mm<D>^^ V —^i^ 

y ^jy K • ft*:S2 8^fcf^2 9(CfB^ 

cD>^^ y — 

1—2 O VN-rtL:0^-':^(clS^co-<:7^^ K t L. < fi^ 
i?ht>o-e$>^. m*:^2 9 — 3 1 v^-r4^^>--^(c|s«<D 

ff*::^2 9 — 3 4(OV^'rtt^^— ^tcfsttco;^^ y — 
[lt*:^3 5l (1) V—^i^^<DMmtfj:^mM 

r ^— ^'^fcfiff 1 — 20 V^'rtt:^^— :^{C|E«fe<0-< 

:7^^ K t> b < >'^< ^mt tp^ ^ y — ^ {c 

^1 — 2 0 v^-r;^.;^^— :St-IB«(D-<:r^ U< 
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4 

^ ^KcD ;^ y — ^ >?^&o 

[S*^3 6l (1) V—:='>'^(DM^tf<i:^mm: 

'7^:^'7r^-'^h^ y fey 

y — ^UT (2) ^ 

[ft^«3 7l y ^^M#^^#:;5>s. ATP^/cf^ATPv 

[ft *:S3 8 1 y ^-^^b^H^^^x y V^^t;- ^ 

»^:gi3 6(C1B«<0;^:?^ y— ^^/^r^fe, 
[ff*:i®3 9j :^^V—^l^^m^. JEt-. R h o ^ 
^•^^K^^ffi^-^^. »^:^3 5 — 3 8V^-rtb;6^— 

20 4 01 R h o ^ ^ MxL ^ 

<D-e^^. ff^:5 3 9(CfB«cO^>?^ y — 

[ft*::^4 1 1 v—=^:y^^-f>^um^^fz.\xmmm. 

^-e^§. f»*3g3 3— 4 0V^-rtb;6^— 

[ff*:S4 2l (1) ^—^l^^cDn'^hf^^m'K 
*WJ5S;^^ y — ^V-^^^^tc^&^ii:. -^UX (2) ^;^v' 

30 — ^^^-^feo 

[»^^4 3i mmr^WL\,\^<\^w^. uum^. ^tc 

ft*^3 3 — 4 2V^TH^^— :^{c|aSo;^^y— 

I^?g<7>i^*ffl/ceufc5gi 

[0 0 0 11 

40 f^^i^^^^Mi^m-r^o 
100021 ^^i^m 

s. Rho. Rab. ^<0{^(0 A^<D^ r ^ )) —k^i^m 
•f -5^ i:;^s-c#^o ^^{-s Rho:7r^y— f*. Rh 
50 o^^^^^^^^K. R a c OdoA2^ly'^<^ 
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R(^*ffljia<D?^ffi^^b. mmmm. m^mM. Mmmm. 

[0 0 0 3] Kho'yT^V—<D^i^^<i^Kn. m<oj& 
^^mGTP^^^:^^<^Mtmm{^. gdp/gtp 

fc:^?Stt^^fc{^GT P t^^^l^tifS^^t U-C#ffi 

GDP/GTP3^m^;S^GTP a s e(Cj:5R;;£; 
(Cj:»?ffi]5:(C^^$tt^o GDP/GTP^JfeSi^i:is 
Smg GDS. DbKOst.Tiam-lcOJzp 
t^GD^XGTP^mi&M^:^^<^W^^h.o GD I 
CO J: 5 ^.e G D P /G T P 3^^ffll^J ^^^^ J: f M 

^ti.TV^'^o GTP a s eS^S^t^. Rho GTPas 
efSttlk^^^-^^^® (GAP) . ip-^. Ra s GAP 
i:^^UTV^-5p 19 0 (Settleman J. et a 1. , Nature 

,359,153-154(1992) ) , Rho GAP (Lancaster 
C. A. et aL, J. Biol. Chem. , 269, 1137-1142 (1994) 

) , :}o<tt;?Rh o GAP p 1 2 2 (Homma Y. & Em 
ori Y. , EMBO J. , 14, 286-291(1995) ) . {Z.X^mm^ 

[0 0 0 4] ^m(OKhoA^>^<i^M<DC^m^nC 
y s -A- A- Leu (AmmmT ^7^) 

mwsmi^. R h o >^<i^M(oms^m^<o^'^^is^ 

<0=^tgO^^(-t>i^^S'Cfc^i:#X.e>tfrV^^ (Imazum 
i, K. et al., mmm^ 13, 646-656(1995)) o Rho 
A^l^^<^9. Tlh. oB^>^<:^9. RhoC>5^W<^ 
Ra cl^>^<^m. Ka c 2^1^^<^'M. C d c 
4 2^W^^W^OJ:5^c?Rhoy^T5 y — <D>57:/^^:5^S 

-5o :::<oRh o:7r ^ y-^o^J'^^^-^^Wf*. y 

bX. ;=^bV';^^i (stress fiber) j^/Wri 

h (focal contact ) cD?j?J5fe^l'5l #S^i"RiS(^IS 
-^L.-CV^-5 t#X.^tb-CV^^ (Ridley A. J. & Hall 
A., Cell, 70,389-399 (1992) . Ridley A. J. & Hall 
A., EMBO J. , 13, 2600-2610 (1994) ) o i^tz^ R h o :7 
r ^})--<0^l^^<^Kn. MS^<DmM^<t (Paterson 
H.F.et al.,J.Cell BioL , 111, 1001-1007 (1990)) . m 

(Tominaga T. et aL , J. Cell Biol. , 120, 1529-15 
37(1993) . Morii, N. etal. , J. Biol. Chem. 267, 20921-2092 
6(1992)) . ^JSSoltb (Takaishi K. et al. , Oncogene, 9, 
273-279(1994)) . m^M"^^ (cytokinesis ) (Kishi 
K. et al. , J. Cell Biol. , 120, 1187-1195 (1993) ^ Mabuc 
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hi Let aL,Zygote. 1,325-331(1993)) CO J: 5 ^^^^J9S# 

^bi^-CV^^o 1^::?^:7T^ y— -Cfe^Rh o^ 

^ ^(^^ ip?tS55*fffi (Hirata K. et al. , J. Biol. Chem. , 2 

67,8719-8722(1992)) . :7 X >^ r ^i^/^^ / 

^ (P I S-^-r—ff) (Zhang J. et a 
L, J. Biol. Chem., 268, 22251-22254 (1993)) ^ ::7::*-;^:7 
r^^i^^^^ y^^h--/i- A-])>m. 5-^-^— ^ (P 
I 4,5- ^-r—-^) (Chong L. D. et al. , Cell, 79, 5 
10 07-513(1994)) ^c-f o s (Hill C. S. et al. , 

CelL 81, 1159-1170 (1995)) O^Wt- t>ll-^l-TV^6 r 

[0 0 0 51 stri^coi^j-. mms^t^^-r/x^aymm^x 

Y>^ R\io:7r^V—(0^i^^<^'S.'f)^GT>V^^m.^^ 
tSttM;?>^bGTP^^Mco?Si4Mtcg^^$tt^:d5s 
^m^LXGTP^-ar^Rho^^^w^^^ (i^T rstt 
^Rh o ^^^^'^^Wj h\^o) t^^^^^i^-^^^-y 

r h ;6^ffi^$;h.TV^'5 (Nobes C. D. & Hall A. , Curr-Qpi 
20 n-Genet-Dev. , 4, 77-81 (1994) ) « 

[0 0 0 6] tr^x. 5;rwe^cDy jfii 

(Kamm, K. E. & Stull, J. L , Annu. Rev. Pharmacol- To 
xicol. 25, 593-603(1985)) . ^m^mm-^. 

tdr::itt^^htoXV^^ (Jennings, L. K. et al. , J- Bio 
1. Chem. 256, 6927-6932(1981) . Fox, J. E. & Phillips. D. 
R., J. Biol. Chem. 257, 4120-4126 (1982) ) o 

1 ?>l^"CV^-5 (Kamm, K. E. & Stull, J. T. , Annu. Rev. P 
harmacol. Toxicol. 25, 593-603(1985)) o 
[0 0 0 7] r:i-C. ^:^i^>'mm:^:t:^::^T^-"^ 
^/^< ^t>2ocD1^>^^^5^ h> W^^:^-y>'^^ 

:/^^^;/ b<DT^ y^@a^U^5^g^*tl.TV^^ (Shlmlzu, 
H. et al. , J. BioL Chem. 269, 30407-30411 (1994) . Chen, 
Y.H.et al.,FEBS Lett. 356, 51-55 (1994)) o Vf)^\^ti: 

[0 0 0 8] ca^^{^^mm<Df^^-^^:tz^>tmm. 

50 -W^tco^^^mm-r^'^K :ifv\^Ca'^'^^:^/\-^z> 
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e ^StSik-r -5 :it\^X^ (Kamm, K. E. & Stull, J. T. , An 
nu. Rev. Pharmacol. Toxicol. 25, 593-603 (1985) ^ Jennin 
gs,L. K. et al. , J- Biol. Chem. 256, 6927-32 (1981). Fox, 
J. E. & Phillips, D. R. , J. Biol. Chem. 257, 4120-4126(198 
2) ) o 

[0 0 0 91 b;^^L. mmm<^ca^^mm\^W'mm<o 

m-t^ ^ h{Z.m<om^^^^^ t ^nx\^^ (Bradley, A. 
B.&Morgan,K.G., J. Physiol, 385,437-448 (1987)) « IP 

^ Mm U T V ^ ^ prtg+i:^5^f® ^ tix V ^ ^ (Ki taza 
wa, T. et al. , Proc. Natl. Acad. Sci. USA 88, 9307-9310 (1 
991) . Moreland, S. et al. , Am. J. Physiol- 263, C540-C544 
(1992)) o W«5t-*5V^T. Kho^i^y^^n 

t ^5^^^^tl.TV^a (Hirata, K. et al. , J. Biol. Chem. 26 
7,8719-8722(1992) ) o ^ ^J-x M&mtmz.f^oti^m 

\z.xox^ GTPyst*. m^m^mi.niwmm\^^^^ 

—^m^(0^m^^\^X^ S:^T (sub maximal ) CDC 

Prtgi4;$5^l^$tl'fc (Noda,M,et al. , FEBS Lett. 36 
7,246-250(1995) ) o 
[0 0 1 01 ^:^->:^mm:y:t:^:7r^ 

:^^mm'^^^^m^^j:^nx\^^fj:v\ 

[0 0 1 1 1 

y<^Mt^/i^^^:^>'-S- h^l^:^y'=^^-''^ (GS 
T) t(Dmi^^>''^'<i^M^^&itlrtc^/i^^'f^:^l-' 
':7r^-':^ ' ' ^^-^ h^y:7^-'^m^^X. R 

GTPyS-GST-Rh oT:7^^^^— - :^ ^ 

mm-t^^^zt. h^^xw— >3 vt;i<i;»9 
i^&:l.tc^:^i^i^m^^:^^^iy b;^5GTP'y S • GS 

:=.?/b:^>5pi22Rho G A P J: oTfiM^tt^^^^ 
i^SRh o ^ W^:^K(^GTP a s e ^Stt^WSlJ-T^ ^ 

PyS-GST-Rh oT:7 ^^"r^— • ;^7^iN{c®« 
[0 0 121 HPib. ^^m\^. fg-f^MRh o 
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[0 0 131 ^fc. *^igfi:. fSttMRh o^^^^^^W 

- vy h^^:::!— K-r^ssia^y^-^Ay-e/cCSRh o^:/ 

[0 0 141 

[^5g<7)A^6^l5&ggi 
D 1 3 S^^^^/'^^^g 
20 p 1 3 8 fg-I^MR h o ^^^^Va^g^fg 

^^-r-So rr-e. Rh 0:5^:^-^^:?^®^ UXfi. Rho 
Rh o B:^>-^^^©. Rh o C^S^^-^^i^ 

[00151 ;*;^9^^c:^oV^r. rt^-I^SR Yio^ 
«^^tg^ir^-r^j ^mm\r.x^m^ 

MRh o ^ V^^^M^^'^L./ct^it>bt^fc^fF>fffi^tt 
^^^o^#fc:^oV^x3lf^bfc»^f;::^'tt^R \io^iy^< 
30 S*-t"^t><^i:-f"^o 

[0 0 161 *^i^^c:^v^r. s^<Dmm.^\^Wi^)i^m 

m8 t\^m(o^w\^^\^^xmm\^tim^i^v i^m^t^ti 
t-r^o ^fc. r^y ^^^>fba5fi:j m^MRii 
^^m-r^^i^-'^^S (WT rpi6 4j ^v^5) l-i: 

40 oxa^mm^vi^m^t^f^^t<D^m^^^^o ^vf^ 

^^cOpl6 4l^. SDS-PAGE(;iJ:^^y^T?^l 

6 4 kDaco5>^*^%-r^o rr-r. mmmz.j t 

[0 0 171 7^^p^(c*3V^T. r^^^^-^-^^Sj t 

Ji. p 1 3 8^>'^'^:^^SOT^ /^ia^lJ{-OV^TT5 7 
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(4#tcpi6 4) {cioxy ^^m^ii^H^SK^:/^'^ 

^5g(c^-5p 1 3 8:5^>--^^i?^«J i:V^5»'^t*. 

[0 0 18] *^0^(-i:^P 1 3 8^^^-^^«f*s fS'tt 
^Rh o^:/^^i5^K^^tg^*'l-^ ^^f^o^o^ig^'lc^ 

j::5p 1 3 s^>^<^m\'^. m^\^. :^^m) ^ lo 

[0 0 191 T^^IMicJ:^ p 1 3 S^ly-^<^m^. ^Stt 
MRh o ^>'^^^K{-/^^-t"^t>^o-efe^o 

0- CV^6 (MJiRidley A.J.& Hall A. , Cell, 70, 389-399 
(1992). Ridley A. J. & Hall A. , EMBO J. , 13, 2600-261 

0 (1994) . Paterson H. F. et al.,J.Cell Biol. , 111. 10 20 

01- 1007(1990). Tominaga T. et al. ,J.Cell Biol. , 120, 
1529-1537(1993). Morii,N. et al.,J.Biol. Cham. 267, 2 
0921-20926 (1992) . Takaishi K. et al. , Oncogene, 9, 273 
-279 (1994). Kishi K. et aL.J.Cell Biol. , 120, 1187- 
1195 (1993). Mabuchi Let al. , Zygote, 1, 325-331 (19 
93)) o 

[0 0 2 0] ^f::. TLYi o ^ ^^^<^ m.nTw.<r>m\^mm 

flltt^b-r^ GD P/G T P^^iSiM^ >^y<i^M<0 0 
D b 1 (Hart M. J et al- , J. Biol. Chem. 269, 62-65 (199 30 
4)) ^XX^Os t (Horii Y. et al. , EMBO J. 13, 4776-47 
86(1994)) {i:5S/ViS5te^T?fe^o ^ ^(-s Sifi. Rh 

o ^ Zy^<^ W'^^^^^^<DiS:^ (Olson M. F. et al. , Sci 
ence, 1270-1272(1995)) . ^^i^st^^ c - f o s (O^ 
m. (Hill C.S.et al.. Cell, 81, 1159-1170(1995) ) . ffi 
'm<OM}$. (Prendergast G. C. et al. , Oncogene 10, 2289- 
2296(1995). Khosravi-Far et al. , Mol. Cell. Biol. 15, 6 
443-6453(1995)) . V^O^P^S J: O^fe^ (Yoshioka 
K. et al. , FEBS Lett. , 372, 25-28(1995)) icBI-^i"^ r 

t-^mhf)^{^^thti. 40 
[0 0 2 1] «feoT*:^9g(cJ:^p 1 3 8^:^y<^K 

"ho 

[0 0 2 2] f^-I^MRh o ^ t^^<:^ W^^^^ ^--^^^ M 

/ ^la^ij^ \-i^<Dmmwm^^'r s ^ 
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[0 0 2 31 bcO^T^ yi 

(cps^^n-r. ^^xb. ^r7by. !>->*5j:t;^t: b^^ 
[0 0 2 41 -^mm^x^^^f-\^'^f^\^^^'^^^^'^ 

Rh o^^-^^^^^ Rh o^:/^^^S:^5^ Rh 

oA^>^^^^S. Rh o B^:/-^^:;^®. Rho C>5^>^^^ 

[0 0 2 51 *^ee^;l*5v^■r. r^^-t^^R \xo^ 

-So *:^9^(-*5v^T r^«ia^uj r^y^iawi- 
^*(D^^;e»5^5o-r^. ®[^ttrc>ia^Ui:f^c^tg^^'r^ 

^ y^ia^yr-feoT. ^s^t uxfg'tiMRh o 

[0 0 2 61 *:^P>^{Cj:^?g't4MRh o 
't4^:/x<^5^KcoA^*:^Ji: b-C(^. Sa^y#-^ 1 (-IB® 

-5T^ y ^la^yco 1 7 0 7#<Dia^yt> i-< 9 9 — 
9 7 6#o@a^y^fct^^n^<o5fic^T^ y^ia^y. 
(^^ttbt^^ffiia^y^^^^ce^tiC?:^^ *5j;T^ia^y##i 
iB^^tb^T 5 y^sa^yo 1-7 0 7#coiBMt>u< 
6 9 9'-'9 7 6Sor>ia^y^fc{^-=eti.fc<o3c^T^ y^ia 
^y. ^fe:^*^i^io<^^ffiie^y^^A.-e^<c^t><o. ^^mif 
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m^^^^T^ymw.m^^^'t<o7 54-1030* 
^ti^^T ^ ymwd.mi^\^< 5 4~i 0 3 o# 
v^5 ^^^T^ ymmm] t\^. tti^bfcF^^i:Piii<^ 

$ T ^ y ^iE^iJ<^ 1 — 7 0 7 ScDSa^iJ^ 699 

- 9 7 Qm(OMm<OU^T ^ y miB^U-ifcifi^O^tBiB 10 

[0 0 2 7] *^9g{Cj:^?SttMRho^^-^^^W^S^ 
't4^://^:^^Kt'i. S'ft^Rh o^>'^^^«^-&t^^^'t■ 
lEcOJ: 5t-JfiL/J-«^y ^^-^^^^^^ 

y^ia^iJ^fc(*^o^ffliB^y^*--t-^-<:7^^K*:fcf^^ 
vy^^^-cfeoT. ^Qfic^T^ y^ia^U;^^5■^<^«5^*(- 
[0 0 2 9] ^^^^i^^^^':f^='y V<r>^T^ 

ti<Dt*<^^"t?fc y) . ^oiB^ijf«B?ij#-g- 1 t^^iErn^^^ 

^cr:^, hCOiB^IJ^ffilU'tt^^-r^^^' h^3i:U5^!7 by 40 

:y.:i.^^:y y^@B^'J(-^^tt^^:><D^-r6o t 

-r ^ t> (^"Cfe <^ t> i: V \ 

[0 0 3 0] *^i^^-:^3v^T. r^o^it'^'tci^y 50 
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-So :^^§g^c^ov^x r^ffiiB^yj r^yi^iB^yj- 

^^E-r-s^^T^ ymBB^yt-:^v^T. r^y^o#*p> 

MiB^yt?feor. ft^^^uT^cD^i^^'fcs^y 

10 0 3 1] i^m^t^^'^tE^^'^^^ 
^(oMci$^mt\^x\-t.. ia^y#-^i(ciB^^tt5T5 yS! 
iB^ycoe 99-97 e^<DMmi^ra^'ttvh(o^mT ^ 

y^iB^y> ^ti\t:^ivh<Dmi^W.m-^^h^J:^h<0^ 

t^iB^y*^ 1 Kw^m^^^rr ^ y mMm<o 699-97 

{;lv^5 r^^^r ^ y S^lB^yj ^f-i. ftiD^ufcrt^^liilll 

K^tv^r ^ y ^sB^y<o 6 9 9 — 9 7 6 #<Dia^y<^a55)^ 
r ^ y ^ia?y^fct^^<z)^ffiiB^yt?^oT. p 1 6 4 (r: 
J; o -c^ y >mit^m^ ^mm^ v i^mit ^ ^ ^ t» <^ t> 

1 6 4 tc J: ^ r oas^^-MB^Uco y ^^>fli(i. fS-tt^R h o 
[0 0 3 21 *:5^0^tcj;^^y ^m'f[:a5^&#S^^'^^^ 

ho^^r ^ ymia^u^-^A.-c/^et><D 

ifa./h?R-^y ^-^^3*<^^. M3®cD?^J5fe. te^^lrJ:iCJ6^ 

j^^^xxrm^. M,m^mm<otm^. mmm'^^m<r>m 

[0 0 3 31 7tc5l§g{;l:^3V^r ISttMR h o ^ 

s^^tt^^--^-<:5^S(i'^<^«5&^'{-=Ky >-^>fba5fit;55# 
^^^1^:/^^t>' hcD^^T^ y^ia^u^fct^^cD^ffi 

ia^y^*-r'5-<>^^K^:fc('i^>'''^^®'^^'='"^> ^12 

[0 0 3 41 ^xr. \>^^m\^x^^'^^y'^f^^^^> 
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[0 0 3 5] 7^^eg{cJ:5-<:7^^K^fct^:^>^^^i^S 
J: 10^/ ^ t ^ ^ ;^ i-- )^ ^ ^ *r ^ ''cC V ^ t> -C o T t> 

3. ^'5V^^if^r^iH. Simizu, et al. (1994)^1111110^ 

[0 0 3 6] ■^^m<o%\\<Dmz.xfh\^^ gB^y#-8- 1 t-ia 
9 9-9 7 6#<o@a^u*fc^"i^tvib<Di5fi:^T^ y^iaj^y 

b fc *3 J: t;^ia^U#-i- 1 

{•i 6 9 9 — 9 7 6#cDia^U^fct*^;h.iboac^T^ / ^ 

^^^-^T^ jmmniir^^xy^'^<^7 54 — 103 o#<d 

(ommumf)^ h ^ \^ ^ ^^^^ ^ s> f^hxy^ 
(;iia^y#-^3{ctB^^tt^^T5 y ^ia^yt> i.< t^^<^ 
7 5 4 — 1 0 3 o#oia^u. ^fc(*^tt^<Defi:^T5 y 
^la^y^i i.< {^•=ett^co#ffiia^ij^-g'Ay-c/^^-<:7'^ k 

[0 0 3 7] K^fetA^^--^^^g^='— K-r^m 

^la^y 

^s^^^-K-r^msia^y^^ii^^tb^o :L<r>m&mm(o 
mM^t^ny^. ia^y#-§- 2^x.x^4. ^ d n a 

^yoas^^ia^y. la^u^-^ 3 ^cie^^ r ^ y mia^y^o 
:^ia^y*3 j;T^^<ogp^>sa^y<^^<ffiia^y^ ^^^"^^ ^ <^ 

^fBsa^y^:=^— Ki-'5ffi*sa^ut>^-&*tt^o * 

ig^#{;i:}oV^T±aSia?y^ DN ASa^U:^ J:T^RN A 

ia^y<r)v ^■rtl.^lr ^ ^ <^ ^ i~^o 
[0 0 3 8] mm^'^T^ jmmMt^^7Lhr^iv\^. t 

Ki-'5msia^yf*^^t-^^ ^ > ia^y#-^ 1 
is«$tt-5T 5 y ^ia^u/£^u^{-^^ia^y. ia??y«-^3 
^ -5 T ^ y mmmco^nm^ x xj^^ coas^^ia^y 
^(z>^«ga^u^^ =^ — K't-'SS'^ omsia^y^j^^-r ^ ^ 

^^^^g^n^ K-r'5:^Sia^y^f^. ia3?y#-^ 2 43 J: 4 

(ciB«^tt'5^a5^fcf^^gp<oDNAia^y(;i;!?px.. i^— 



(8) 10-57074 
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<DT^ ym^^— K-r^gH^y-cfeoT^mBi#{-fe^^ 

H(-:^ne>(-^/S:;i"^RNAia^yt>-^^tt^o 
[0 0 3 9] ;2^5liat-i:^:^Sia?^yf^. ^m^^<^h(o 

10 ia^U<o1ff$R^S(cb-cf^j5&Ufc3S^^<eDNA:rci-:7'^^ 
[0 0 4 0] *BP^(c<J:^ffi*ga^yi: UTfi. >0?llx.rt. 

iB^y#-§-2(;iiEtt^n^DNAia^y<D2 i s s — 3 o i 
8#<oia^y. ^fc(^ia^y#-^4 tciB^^ix^DNAia^y 

CO2260 — 309 O#coia?^y;&^e>;^^^ia^y;55#tf 

[0 0 4 11 ^ ^ ^ J: t^?^gg^ ^ h^tim^ms^ 

-^W) . GST (>//v^^;^:x--s- ^^^^;^:7nl^ — 
-^) . HA i^^if;V^=^l^) . my c. Fa s^^ffl 

[0 0 4 21 -<^>5^ — ^ \^X\%^ K-<^^ — 

T^^/Wv?.^^^— . z^^^-^^--. ^^^^ 

[0 0 4 3] *:^e^{cJ:-5-<:^^^— t^. 

x^/uX\^^xhX\^\ :ztiib\^'^m{^m^-<^ 
^ivx\^^^i><o^m^^^ ^ ti>^x^ 

[0 0 4 41 :^mm\^x^-<^^—mm<Dmm:^xx^:^ 
50 a^ ^m^j§s. m^m^ mK.\^. cosmm. 
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[0 0 4 61 ^iyy<^M<r>m^ 

t j^^^^ttTV^-S (ttrSPrendergast, G. C. et al, , K 
hosravi-Far et al. , Yoshioka K. et al. , Tominaga, 
T. et al. , Morii, N. et al. , Hirata, K. et al. , Nob 
a, M. et al. , ) o 
[0 0 4 71 %:^^^l^mm.'y:ir:^^r^ 

p 1 6 40«t.alUfc^S6^SK<^— 

w^^^'S^^^^it^ ^;e*v-:x^^i^:?^^^^y bio 
J:t^^ ;e-v-vg^;55y :xM>ft:^tt§ i:co*P^^lr#fc 
mms) o Rh o^v^^^J^Mt^ 

(1) SttMRh o^>'^^;^W;^'5^;^^>^^^S'&1^::^^- 
6 4{;i^^-r^o 

(2) fS'li^Rh o^^'^^^^'^M^CO^^t-^S^L^Tp 1 
6 4 ^ :y F ^ y ^-^-fb-T^o 

(3) V ^^m<t^^nti^:^l^>'^'^^::^^^^y 
:7;^>^:7r^— ^MiKl^::^^^^^ 

:7 ;^ :7 r ^ — if ^t^^^^Wi^J $ tv^o 

(4) ^^v-^/e^:7:^;=^::7r iff?§+i:^)Sffl]^J^tb^ 




0-57074 
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(6) ^_bo^m> ^mmmmt^rLm^kh^ht^\z.i^ 

[0 0 4 81 «^or. ^;<^v^>-^'^1^:^^^:y h^fcf^ 
$-^-6^ {-J:o-C. SttMRh o ^5^:x^^^W;^)5^:t-^/ 
^m^^:-'^<:^M^<ot^^'r/\y^m-^^mm^th. rho 

[0 0 4 91 ^^MRh o 

^^^tgi:V^5'ttM;^)5#^Ei■^o ttaShimizu H. et a 

30 N*iSffiyc05 8 kD a^v^ttC^r^ffi-r^^ ^H^o 

[0 0 5 01 t^^oX. S'tt^Rh oi5^W^:^K^^ti^ 

^-r^:^^. :li^t>^t: h ^-^tf^^*:i^X^^ 

^Mi^^^^'T^'A^. -SfciJ^p 1 6 4(ci:i9 y ^-^^fb^S 

X. t: h^^ti'^#:f^X<D?§'l4^Rh o>5? W^^J^WJCJ: 

i-^rt:a5x#. UX5;^-»'coja$^y :/^^b<^ffiJ 

ffl^Pl.^'T'S:: t:^>5x#-5^#x.^ti.^o t^ox. 
MRh o ^^'^^^©^^'ft^v^'^^S^fcfiS^y ^/^^b 

[0 0 5 11 ^tgoX. :^^m<Oh 5— o<D^^^ UX. 
50 ^;^v^v^^i^:7^^^'> h^fc{t.^^mKX^^>^^<^ 



(10) 



10-57074 
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-(CV^5 rQfe^:$^://^:?^«J ^t:i. p 1 3 8>5^:/^^^^ 10 

Ra s^l^^<^M. Ra c^V^^^ 
c d c 4 2^:x/^^W. Ra 1 l^^BS 

x^^^ mx.\t. Db K os t^) i^m^^^mm(o 

^^i^^^x^z^l^^-r—if m:^\t. PDGFS 

EGF^^^^) . ^fc\^m^nm^>'''<:^w: 20 

(myc. p5 3^) !; y:7;t- 

>^:7r^v?^^ (W. H. Moolenaar, J. Biol. Chem. 27 
0, 12949-12952 (1995) ) id^ii^-T 

mmm. Emm. i^mtti^^m) . ^mm(oi^m<on:m 
^^^m'^(^nm^m^B SikjE^ M,mm 
mmmt. «s^) ^;6s^(f ^ix^o 

^^mm. m^\^. mskm. shi'wmm. 30 

10 0 5 6] ;*:^l^lC<t-5?§i^^J{i. ^fc. ^gp-^fct^ 

[0 0 5 7] Kho^>^<^M:^m^ir^mm<DmmM 
mnm. ^^mu mmn. ^^m. mmm^m. mm 
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y ^y-fey^-. :3i^y— /v, fwv^y =2— 

^0. 1 5 Ofi4%. #f^U<t:i«^3 1-^*^2 Ofi» 

0^*?^O. l—^xJS 0 Omg. ^e^*L.< {^^0. 5~ 
^5 Oing®gEi:-r^cO:&5i:<, - 1 0 1 (U^^ct^ 

[0 0 5 91 *:^^i^Ml-t> 5— oOffi^ UT. 5 i^;^- 

\t.'^>^<^'m^^—}'^'t^m.mm^^i^^A,xfj:^. rh 

[0 0 6 01 ?^KK«i$:rt^^^j§at UXJ^. :ffl^&^i^ 
fig>^f>^^Ji&. fl:^>'mm. W;^^^^^. 

[0 0 6 11 mm(D^^m{^x^^i^^<i^M^^='—'^^ 

>^mmKmm^j::^m\^^oxm7^'r^:it\^xox. m 
mmmm^-:>^^xmm^mmtn 5 r i: -^^x^ 5t>E 

^ (itfij-^) mi 2m. ^15-^ rit&^mm<oMm 
(1 9 9 4^) ^mm^^:itt>x^^o 

[0 0 6 2] :^^V—='>^^ 
:^^mK^rc\^. (1) V--^>':^<^M^tt^^^ 

:|r^t?:=^^ y-^^^^t-^^^^> "^^"^ (2) fgtt 
^Rh o^>^<^Wt hi^fcn 
J: ^ -<:/^ K b < ^ :^ S c?>^'^<7) P£ 

[0 0 6 31 m^mmcoMA^mn-t^i 

'iomhx.x^x. M^Ji^^-ecomglx.MGTP Y S • GS 
T-Rh o A>5'^^^^:^Si:<O^S^^^/»-^^^^ * 
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p^a— ^tf— x^ffiv^rily^i"^*■fe. l^^ • 

T^>'fe:-<^ffiV^TSy^-r^:&ife (Mancer, E. et al. J. 
Biol. Chem. 267. 16025-16028 (1992)) . R h o ^ 
^^^KGAP(Cj:-5Rh o^V^^^WGTP a s e ft&tt 

[0 0 6 4] :^^V-^>'^^\^^^^'^f^^^^^^^^ 

-So ^JiS^J*. Rho^^'^^^®^ pi 64. ^:^i/>' 

• -yy^'Th. (two hybrid system ) (M. Kawabata 
^^13, 2111-2120(1995). A.B.Vojetk et aL Cell 74,2 
05-214(1993) ) tci:*9ff 5^^t>-C#^o ^^y— — 

[0 0 6 5] 7^^5gic<J:^_h!axi?^ y — ^>^^^^-*5V^ 

[0 0 6 6] ■^mn\^^^\t. ^f^^ (1) ^^1^—— 

>-^cDM^^/cC^«^®<^. pl64t. 5;rv^^-e^. 

— if ^fcti^^l^l- J: -S-^:^^ Kt> b< i^^^^^h 
^^tf>^^5^ y — ^^^^^^-^^^-^^ ^^"^ (2) 

5 ;r V^^Km::^ :7 r ^ ^'-(■i*^^^^ <t ^ 
[0 0 6 71 %^^yl^^^^'^^^vy^(0^)^^'^\'<^<^ 

e^:7;rx:7r ^<^y ^^^^l^^®^^^^^"^^**^ 
9-9 7 6#(^iS^'J^^ib/^6^ V^^^K^MBP (-^/V 

[0 0 6 8] r p 1 6 4 i^tiMR h o ^ ^-^^ 

5^^^^'^:^«T*fc'5o »>v^f^*5t^<^P 1 6 4(^. SDS 



(11) 
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-V KO'E\Z.X.^m'&Xm\ 6 4 kDa<^:9^^ft^^^ 
■60 -^fc. pl64{^. ^^m.V.\io^-^^<^%h^^ 

ttJ ^(i. -fey v/x^l^:^::!^^ • >^nv^^>-:3r*^— -^^^ 
[0 0 6 9] *:^eg(c43V^-C. p 1 6 4 

p 1 6 4<Dr ^ y^lB^yt-ov^rT^ / mco#*P. 

>f >-=3r-^— if^i±>^^-r6t>cO-T?^fe^o P 1 6 A(r>mm 

[0 0 7 0] ±M:^^ y — Rh o ^ 
(*?*!-<**. tStt^Rh o^>'^<:^S) 

^tu:5o «£oT. ;;^^y-c=.^^>^?Sl:iRho^W^^H 

[0 0 7 1] =SlB-r'5llife^J(-*5V^T^$tv-CV^^ J; 5 
tS^Stt/^v^Rh o^^^^^SJ:?)^P 1 6 4co:7^n^ 

J;^^^y-^^^:^^^i:*?P.^^^-^5:i^^5"C^^o ^ 

30 [0 0 7 2] J::lE;^^y--:x^fe(-f*> (D ^ 
^UT (2) 5;rv-^-@m<7>y :/^^t:c^P-a^<^S 

s^jio^-r^r ^^ir^A/-e?fc^. ^;r->^^^^<^y 

[0 0 7 3] (D ^:^^y— - 

^/^O^tt^^r^^^e-S^^W^Ir. pl64a:. ^:^^y'i^mm-y 
:iry^^r^-^>^^ y:/m«^#^i:> ^uxity^^m^b 

40 (2) 5;^-^»'gm:7;*-;?^:7r^— ifc^ffi*<^P-a^^^ 
[0 0 7 4] rr-C. y V^W^^:^ UTti. ATP*5 

j:t;?ATP Y S^ds^tf ^tx. ATP V S;!>s^g^-^bv\ 
y^^^^j^t^, p 1 6 4lCj:^^:^i/>^Jg^:7;4-X>^ 

[0 0 7 5] ity ^^^^b^W^f*^ 

y ^®3n>^7^/K ^y y ^^^^:^^#^E-r^t><^^v^5o 
50 ^^)-^m\:mm^. vir:^r7r^—^<r>'mm.hfi:^. -y 
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(monophosphorylated -^fcif^idiphosphorylated) 
[0 0 7 6] ^:tt^>mm:^:t:^^T^—^\^. 

ttibf-PS^^tt'5t><0"C(i/^V\ ^y^t^. Shimizu.H,et 

aL, J. BioLChem., 269,30407-30411(1994) . Chen, Y. 
H.et al.,FEBS Lett. 356, 51-55(1994) ^ftL\%mMm\ 

[0 0 7 71 ^;^->^^e^P^;*-:=^:7r ^<^?S'I*<^P^ 

x.«. ^it^y7:}3j;t^^m^«l8lctB^$tt^:^&(i:'^l^ 
T :7 ;^ :7 r ^ —'^^m'i^<omm<onm^m'&-r^ :zt:^^ 

[0 0 7 8] _bIB^^ y — Rho^ 

[0 0 7 9] mia-r^llifil^Jf-^vNr^^tLrv^^ J; 9 
mtvxmmm^m^^^ff^ix^^m^^^^t. :^^m\^ 

[0 0 8 01 V—^^^^^^Xt^^^ '^—-^^^^ 
[0 0 8 1 1 ^li^Rh o^>^<i!^Wn^ fltrlBcD<t: 5 
M R h o ^ ® ^ ^ ^ ^ ^ ^ — ^ ^ 

[0 0 8 2] 

mMm\ :^^m^\irf(omMm\z.x-^xmm^mm'r 




mmW- \ 0-5 7 0 7 4 
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(1) mmmmm(o^m: 

^i^f^£?ce« (19 0g) ^^-C-B3oT/h>tt-b. 3 0 
Om 1 c033^^v^:I^■:^-f Xffi^^^^r^r— (2 5mM Tr 
is/HCl (pH7. 5), 5mM EGTA, 1 m 
M -J^:t:^\^^ h—/^ (DTT) , lOmM MgC 
I2, 10 iiVl {p-r^^JJ:y=r,z=^/v) 

0% ><.) (dl^bfCo mmU^^o t t e r 

-E 1 V e h j e • ^^^^ • v^rc-^^f if 

c?^^_i.^2 0, 0 0 0 X g-e3 o^^M. 4X:-e^^L^ 

^^glbfCo tt^^^S 6 Om 1 <D7^:^i^:x^^-f Xffl^<5/ 
n-SHe^^^ft^^. 4M N a C 1 ^^tf^^^v?^^ 

hox^ft.'^. mm^^^. 20, oooxg, 4X:-T?i^ 

M^^L-bfCo ±.m^^^y^r — P^ (2 0inMTr i s/ 
HCl, pH7. 5, ImM EDTA, 1 mM DT 
T, 5mMMgCl2) (-^y-bX. SlU^WUf-o 
20 ^^^ft^^SS^^ 4 0 %^fPiSS[(-^cC5 <t 5 (-:*3Px.fCo 
0-4 0%<ottmm\t. 1 6in 1 o^^5/:7r— Atcj^;^^ 

[0 0 8 3] (2) OST-^^^mO^>^<^m.T>' 

Shimizu, K. et al. , J. Biol. Chem. 269, 22917-2292 
0 (1994)(;ilS«^tvfc*ffi(Ct^^or. GST-Rho 
A. GST-Rh o A^^'''\ GST-Racl. 
GST-H-Ra s ;^JKffi J: 19 *S®[ U ^T^V^ 
30 ^ v;e*^K^#;?)PbfCo i/r:=.^^5?^ i-':r^K^^M<D 
GST-®^»^^SG^^^^^i^M<^I^®tt^^ ffi^J^^SG^ 
(1. 5nmo 1) 4t:-e. 15// 

M GDP^fct^GTP y S 1 m 1 ff^O^/^S^tS (2 0 
mM Tris-HCl (pH7. 5), 1 0 mM E 
DTA, 1 mM DTT, 5 mM Mg C 1 2, 1 mM 

L- a -v?^ y :^ h-</v4^;=^:7T^v^/i^^ y ^» 0. 
3% 3- [ (3 /VT^ KlT^i^i tVV) v^^^/WT 

:/^^;^] - 1 -:/r2y'^^^;^7V/}^^— b (CHAPS) 

cp-^^>'^^^— t (C<fc (Shimizu, 
40 K. etaL, J. Biol. Chem. 269. 22917-22920 (199 

4)) o Kh. o ^ >^<^w^^^^^^^<^'M.<Dm^m^'^^ 

GST-^^^MG^^-^-^^W (#6nmo 1) ^ 
0. 2 5ml <D^/l^^'f^:tl^ ' -fe::7r ci— ^ 4 B:^^.^ 
(:7r/i^-^v^T ^<4:^y^^^) tf=7M^ 

:>t7^.A>^|^M-r'5fcJ?>(;i. GST->B:^^SG:^>^/^^ 
K (=&24nmo 1) >lrlml (D^/W^^;^:/ • 't:7r 



(13) 



^M^l 0-57074 
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10 0 8 41 (3) osi:-m6^^^o^i^^<^m.r'7 

Ufc. 0. 2 5in 1 • "fe^^r t='"-^4 B 

;3t7^iNtC<D'^fCo 0. 2MCON a C 1 ^-^tf 0. 8 25 

aK^^n-^noG S T --®5)"^SG^aS t — 

lOmM ^/V>5^^:^:/^^tp0. 8 2 5 m 1 CD^^ 5^ :7 
A-c^mufco :^^/V^^;^:/^m®^<^^4 0 M 1 
^SDS-PAGE (Laemmli, U.K., Nature 227, 680 
-685 (1970) ) ^ ;^^m^'^^\^'^WSx\.ft^. 

[0 0 8 5] ^O^^m. 1 3 8 k D a CO^ 

(p 1 3 S^^/^^i?'®) 6 4 kDa 

:JoJ:T^^^^S*^l 2 8 kDaCO^V^-^^^^Wt G 
TPyS-GST-Rh o AT:7^c:^^^— • -fy^J^t^ 20 
«b<0^ai®^(-^W^ttfc^s (V— >-3) . GDP*G 

ST-Rh o KTr7 ^"r ^ -^=7 J>.1i^^(D^^Wi^ 

^(r>Z.hX.'0. pl38>5?^-^^ 
^Wl^O^V y S^-g-M^OG ST-Rh o Atil^MS^t- 
^-gr-T^ ^ ^1 ^tufCo p 1 3 8^>^^'^^W^*. 

(GTPy S • GST-Rh 
^^Aia37) (V— >'4) ^ GTPyS-GST- 
H-Ras (V'— :X6) . GDP • GST-H-Ra s 

[0 0 8 61 (4) p 1 3 8:?':/^^:^^RcOJf*]K 
p 1 3 8^^^^^:5^S^lHl^-t-^:^-*^>(-s TIBtClE^O^ 
^o^. J^Kp 1 3 8 :^^^^^^^<0::'^«:I^K^^^v^-<>^^ 

4 B:=&^i^;^i^<b<^^ii*)®^ (16ml) 24nm 
o 1 OGT P yS • GST — Rho A^lr^APUfc 1 m 1 

ti. lOmM 0. 2M NaClt^ 

^tf 1 Om 1 co^^5/:7r— A-e^WL.. Ml^^lrlml-^ 
o^i!?)fco p 1 3 8>5? W^^Kfi. M^2- 1 OlC^b 40 

T^ie)Tp 1 3 ^^>^<^m:mmM^uh ufco 

[00871 (5)pl6 Acom^ 

p 1 6 4^*SK-r^/ci?>(;i. GTP y S • GST-Rh 
o A ^-^tf ^/l-^ >^ :7 T — T :7 ^ ^ — 
:^^A;D^e>co^/±i®5)^ (m5>3 — 10) >^|^Sco^^^^:7 
A-e#f^b. ^^^>^:7r— A-t?¥^«i>ft:bfcMo n o 

Q 5/5 ;!S7^i^(ct3— KU^^Co 1 Om 1 CD 

/^5/^r--A"r^^^. ^^-^^^K^^ 0-0. 5MCD 

Na c 1 ^?^<oii:^^sa[<^@at;iI^^U;fc/^^^:7r— A-c 50 
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30 



^taU. ^dbM^J^^O. 5 m l<5o[HlltXUfCo ^;S:f^El 
2lC^$tt-5il«9 -C^ofco p 1 6 4(-i. M^J-l 0 — 1 
2tCW^/l-e"— t bT[H]lt5i^ttfc (l^2_b^) o ^ 
tti®5)^ (8-14) <D-§(S>^. SDS-PAGEm^^ 

9 5%-C^ofc (^2T^) o 
[0 0 8 81 SML2 D 1 3 S^^-^-^^WOfH^ 
(1) K<D— 

p 1 3 8^>-^<^K^I^^i-5fci?>{c. r^y^iB?^y:9^ 
m^mMv.tL. p 1 3 8^:/^'^^^^mS^^fa^SDS- 
PAGE^:l^^^t> ^yt^^yr'^- v^:7/w;^^^ m 
(:/t3:/t3 5/ h) (t:/^-< K ^^-r ;^i/^-7^^X%l:) 
jch^v^:7r-L.^Co p 1 3 Si^^^^-^^W^tS^-r^ 

u^/^:?^:^-:/t='^T— I (fP^^fi^XH (*5^) ) 

(Iwamatsu, A., Electrophoresis 13, 14 
2-147 (1992)) o ^Cfc-^tT'^K^^x C 1 8:^^A • ^ 

(t. m^bfco ^co^*. 9ScDp 1 3 8^^-/'<^«* 
*(0-<:r^KO— 1) R 
WIGSE. 2) SLLQM. 3) GYTEVL. 4) 
ETLI lEPEK. 5) DESPA. 6) AYVAP 
TV. 7) SLQGI. 8) AQLHDTNMAL. 
9) BENGAL I RV I S-T?^ofCo rttfo09@<0 

r^—^ 1M<D1 1 0 kDaI^^[5i^>^^^^y h (ttl^ 
Chen, Y.H. et al. ) CDIE^U (IB^U*-^ 1 ) (OSS^SSM 

ttat^— ifcufco h^^^^^^wt^-p^ by 

Y<0^ y V(Oi:3'^ly^—'^<^V'<^^^ (ttf^Shimizu, 
H. et al.) ±.m<D^l^^<^m.<r>nn'&^m^\^. BL 
AS T:/^:^^^^^fflV^fc (Altschul, S. F. et al. , 
J. Mol. Biol. 215, 403-410(1990)) o 
[0 0 8 91 (2) >i J^^Z-f^yVmrn 

p 1 3 8^^^^^«^^5^v^^«^^^^^T^— 

kDa ^:^v-^-^^'&•^^:7^^^^:^ b{c^-t- ^»^i^=¥4^y 

t3_^^V^^;j3j;t;?2 0 kD a 0|^fi5-y-y^^^ 5^ bt-M 

Tf^KUfCo 3 7 kD a ^-f >^1 ifftij® 
i^:/^^^;/ b(;i^-f-;5'^-y'^^y ^^^6t^t^> 

fco "^^3 5^ Harlow, E. & Lame, D. , C 

old Spring Habor Laboratory, Cold Spring Harbor, N 
Y, 1988 (;^|B«$ttfc:=^l5fe(-^oT^mL.fCo i^*t*EI 

[0 0 9 01 ^(O^rn. p 1 3 8^:/>''^^^t*. -fciisco 
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^^mSiit^-^^s GTP V S • GST-Rh o AT:7^:^ 

3) GDP-GST-RhoA (U— 

1^2) . GTPvS-GST-RhoA^^""^ (1/ 
— >^4) . GDP • GST-Ra c 1 (V— V5) . G 
TP V S • GST-Ra c 1 (1/— >^6) . GDP-G 
ST-H-Ras (V-— :/7) . GTP y S • GST- 
H-R a s Tr7^:=.7^-f — • ^ y J>^t^h(Omti^M^ 

jLi 1 t?feo:fco 

[0 0 9 11 ^17 by^BjlT^^^y ^<D^::^V^^^^1^>^ 
h<7)5^^ft{^SDS-PAGE-e. ^1 3 0 kD 
a ttS^^tfCV^^ (ttrJiShimizu, H. et al. > Chen, 
Y.H.etal. ) o t^^oT. p 1 3 B ^ l^^<^ W\t. 

v'^/^^i^:/^-?' 37kDa^>f:7^i 

b:JoJ:t^2 0 kD al^@l51^'?^^ 
- t.;5^(^i^j5^$tt'CV^^ (ffjffiShimizu, H. et al. . 
Chen, Y.H. et al. ) o ^^"^s 5/ b ^^G 

TPyS-GST-Rh o AT:7^^v^-f — • 

HI 4 (C^ ^ tl/^il 19 -efcofco 
I 0 0 9 2 1 ^<D^^. ^m^mRft^^^^ GT P V S • 

GST-Rh o AT:7^^v'^— • :fy'^M.^^^<Dmmm 

^\z.i^m^tbfc^^ (W-i/3) . GDP - GST-Rh 
o A (W— :/2) . GTPyS-GST-RhoA 

Ai«37 (^^^4) ^ GDP-GST — Racl 
(V— ^^5) . GTPyS-GST-Racl (V — V 
6) . GDP • GST-H-Ra s (V— >'7) . GT 
PyS • GST-H-Ra s ^ ^"r^— • ;«7^iN;6^ 
fccD^m®^^ (i^— :x8) (3:t^. v^-rt^^^ai$tt/^^^ 

ofCo 2 0 kDaliaSi^:/^:^^^^ i 

mmu n o r e a c t i v e V\'t^ti^^tbf^^^-:> 

[0 0 9 3] ( 3 ) KJ3^^ y :ymitmm^^<^M 

IlJi:> (#2 0/i 1) \^m.\^^f^^'f^^^0t^^^t^V.tio 
^:^-^>m^:^^^yr^—^^^\t. Ishihara, H. e 
t al., Biochem. Biophis. Res. Commun. 159, 871-877 
(1989) {C|B«cO:3^fe{c:^^eoTay^L.fco ^<^^*. ^ 
:^^yiymmy:i'^^r^—^^^\t. GTPyS-GS 
T-Rh oAT^^^'r^-' • "7 ^f)'^h<D^m^'^\^ 
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mmco^^. mmm^n^\t. GTPys-GST-Rh 

b^^^'^^^l^i^f*- »^2 : 1-C 
^d>M^d^(-^^ofc (t^-^J'^B^) o — att 
a^S^ffiv^fc^®^-t?{l. ^9 0%<^^ 
jr^iV h;55GTP y S • GST-Rh o KT^ ^^"r^^ — 

• ;«7^.^tc^^'r^;6^ *^i Q^%(omm:^^^^^y 

:O^GTPy S • G S T - R h o AT:7 ^ — • ;tr ^ 

^|fe;t^;e-v^>'^'^1^:^^^'^ h;&SGTPy S • Rh o 
Ai:^g'&i--5>^»=^^>i>^^^t^-r^fc2^ic. h 

20 1 \z.^m<oT % J ^ia^ij<^ 1 - 9 7 6 #) ^*a^5Z. 
A/fc>^^^^ Kp CR I I :/%!:) (D-^ 

i/trbcr- ^3 Vti. TNT T7^^^ 

Ufc#^^^>r-lf— b • ^^^^^ (:7^np<;^^%t) ^fflV^ 

SDS-PAGE(C;5»Mt-C^>Wl^fc^:^. ^^(Offij^^ 
(^-^=WBS-) o 

[0 0 9 51 GST-®:9^^SG:$^W^:^® (#0. 7 
30 5 nmol) ^ 3 1 m 1 ' ^ 

4 Bl^'-X{cS^>fl:b. 3 10^1 (lOf&S) 

'yr—A'Q'9tW\^f^. S^<t:if-Xj;i4 0 M 1 <^-^^tr 

^\.f^1y^h\^m. 4^'C>r>=^^-<-M-feio 

t*— X^311I. 1 0 2 At 1 (3. 3fgfi) 
r — A-e^^U. 10 2^1 (3. 3^ft)C010mM 

^-^bfti^^^/^^^^^GST-^g^^AG^:^/^^ 

«^ t t>fC^WUfCo ^a#3#4 Om 1^SDS-PA 
40 GE{C;^^tt. K^^*S^;^-b^^^^^^^^-(-<to 

[0 0 9 61 • b:7>';^V— 

TPyS-GST-RhoA (U—lyS) t t hKXM 
{Z.mm^thtc.f)-. GST (l/-i/l) . GDP-GST 
-RhoA (l-— V2) ^fcJ^JGTPy S - GST-R 
hoA^'"'^ (W— ^-4) ^ t t>(C^mi^^6t)^Sb 
^^-1^:/^.:=^ h ;55fgi4MR h o A ^ ^^"T ^ ^ t 
50 M^tvfCo 
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[0 0 9 71 mmm^ Rh W^ ^^GTP a s e 
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pl22 Rho GAP\cX^mm^^^^lio^> 

ymm(Di--7 0 7^) tcmmmm (P699-9 
7 6*) mm\^m^^/^h—:^u^^>'^^^^^<^ 

NM^^tCM^^^^^t^y""^^^ KpMAL-c2 
It. WTcOir&rMt^bfcio N*«<^_hlSl " 7 0 7# 

5' ATTAGGATCCATGAAGATGCC 
GGACGCG3' t 5' AATTGG ATC CGT A 
TGTTCTGGAATACTTTTGCTT 3' 

^^^^^ ^_,xfflv^x. bjr^:?^>f ^^^^t^*— ^cD 

NA (iJ^t^^-^-^rJ^th) ^PCR^-Citi|iiUT#fCo C 
7K^cDJi|H6 9 9-9 7 6 #<^T ^ 7 ^^^tf 8 4 0^ 
S^(DcDNA»f>T-J^. 9^ h^:^i^>'^'^'^^^-y 
hcDNA^t^^V^. 5' ATATGGATCCAA 
GCAAAAGTATTCCAGAACATAC3' t 
5/ ATTTGGATCCCTACTTGGAAAGT 
TTGCTTATAAC 3' <0>^^>f — ^fflV^T . P 
CRi5fe-e*S*IbT#fCo cDNAf^>tJi. B a mH I 95 
-Br-e, pMAL- c 2(;^*a^5AA//Co 
[0 0 9 91 Rh o A^^-^^^MGTP a s e ffittK^ 
Homma, Y. & Emori, Y. , EMBOJ. 14, 286-291 (199 
5) (;ilB^<D:*rfelC«eoT^mbfcio R h o A:^^ ^^^^^^ 
K(DGTPa s e?Sffii> [y-^^P] GTP • GS 

T - R h o A <DtkMm^<om<^ ^m^-r ^:it\z.x^m 

-\'i^%fc<t^«AUfCo [y-^^P] GTP-GST- 
RhoA (lOpmol) m^<Dm(OMBP. M 
BP-N. ^fcf-iMBP-C^GST-p 1 2 2 Rh 

0 GAP (5 pmo 1) cO^ffiT. l^#ffiT"t? 1 0 0 m 

1 <7)RJC&?S ( 2 0 mM Tris/HCl (pH7. 
5), lOmM EDTA, 1 mM DTT, 1 0 mM 

MgCl2, ImM GTP, 0. 0 7 5% CHA 
PS^-T?. 2 5^. 2^>M*Q;SlbfCo M^£;^ 3 m 1 CD7X 
?^^^ih/^ ly-yr— (20 mM T r i s /H CI p H 
8 . 0 , 10 0 mM N a C 1 , 2 5 mM M g C 

{z.(D^fc., :7^/v^-f^. f^C7K«r#^ih^^ty:7r— -e3 



[ 0 1 0 0 1 ^<0^m. R h o ^ i/^'^>^«;!>5MjS«i-6 
|;^„32p] GTPCO;!)P7K5:>^^t"ix MBP-N. M 

(C, p 1 2 2 Rho GAPdSRh W'?:?^®COG 

TPa s em^^mmT^mti\^. MBP-N. MBP 

^l^^ttfCo MBP-N*3J:t;?MBP-Cf:iGAP-fiJ 

tti^l 0 0 nM^XXJ^mi 5 0 nM<0 I Cbo-^SiSJI- 
fc (1^7) o 

[ O 1 0 1 1 mmm 5 d 1 S 4t;iJ: ^ v-y b - ^^'> 

p 1 6 4<Dy i^mitmi^^m^^ti^^^> )^T(Dmm^ 

^T^^ofCo ^^fSl^^e^t*. «KUfcpl64 (1 

Ong^^-^^^W*) ^^V^T. 2/xM[y-"^P] 
20 ATP (6 0 0-8 0 0MB q/mmo 1 ) ^^tf 5 0 
fjL I (D^-^-^^^^-yyT^ (5 0mM Tr i s/HC 
K pH7. 5. ImM EDTA. 5 mM MgCl 
2. 0. 0 6% CHAPS) mn (^:tZ^>'W 

m-w^mm^^^-^^v:. ^4 0AiM) <o^iET^fc\x0 
^^Txffotio 3 or:-ei 0 5)^^^ v^^^— 

DS-PAGE®^^^ct!j(-«UfCo SfeWt^^f^^tufd-^^ 

Tiz-^^^^mnx^otio [y-^^pi atp 

{■ix Am e r s h a Ta^f)^hM7^^t^o 
[0 10 21 (1) h • ^ 

R h o >^<^mnmm'W^<onm^i^m^^ i^xv^^t 

^^hivxy^^^(DX. p 1 6 4(^J:^^JiS'fr*&S"J^»^>' 
^<^MX^^}^1^^^ V > (v i n c u 1 in) . 
40 ( t a 1 i n) . P< ^ tr:/=3r^ y >- (m e t a v i n 
c u 1 in) . ^;V'f:^^ly (caldesmon). 
:7^y^>' ( f i 1 a m i n) . (vimenti 
n) . a-r^^^:^ (E. A. Clark & J. S. Brugge, Sc 
ience, 268 . 233-239 (1995)) . MAP- 4 (H. Aiza 
wa et al. . J. Biol. Chem. . 265, 13849-13855 (1990) 

(Y. H. Chen et al. , FEBS Lett., 356, 51-55 
(1994)) coy V^^bt-OV^T. _hiB<D^#{c!pCT^ft 

50 ^i^y^^^ty h{CoV^T(i. ^^D^::^->V^^1^y^ 
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y h<OC*C (iB^lJ»-§- 1 <OT ^jmMM(0 6 9 9 
~9 7 6#) h'^;vV—:^^^^>^<^'M.h(Dm^^^^ 

mMm4mm) ^ffiv^fco ^co^m^ p i e 4 

bTfflV^fc^-^tCti, GTP Y S • Rh o A#^ET-ecO 

Vfj:7!>^h. 5;^->':/^^1^:/^— ^> b (5 0nM) 

Si: b-CfflV^-S GTP y S • GST-Rh o A#ffi 

Pv S • GST-Rho A(cJ:^^;^V^^1^>^^^iy b 

V^fcGST-Rh o A(OjtSf^#l AiM-Cfco/Co 
[0 10 31 (2) KKoA^>^^<^n<^mm^WM(0 

H. Horiuchi et al. . Mol. Cell. Biol. . 12 . 451 
5-4520 (1992) ^S^tOT. Itoh . et al. . J. Biol. 
Chem. . 268. 3025-3028(1993) (C|S«<0::^fe(C*C 

rt^tr>^V^T. mm(0^mii^^oX^ pie if 
ofCo fflf^mf^tfp^ttfcGTPy S^'&MRh o A^i^ 

r o 1 0 4 1 mmm e mn^y— - ^^^-^v y k - v;^ 

A.B.Vojetk et al. cell 74, 205-214(1993) {C|EttO;^& 
(d^Cr. ^^^H-Ras. 43J:TJ?C*^cDCy s - 

A-A-L e nmit^m^i^tim^^i^^f^i^^t^f^f^^ 

^MRh oA^*'^^OcDNA^>i*^pBTMl 1 
6^^>5?— (SrfffiA. B. Vojetk et al. ) ^'{cSA't*^- 

mmm^x^m^'^^f^^<^^^^-' (^;h.^tv. pb 

TMlie-RasWT. pBTM116-Rho 

^'^^"^-r-s) ^mm\^. rt^^^^fflv^r^m (l 
4 0t*) ^mwu^vf^io -^f^. gB^ij#-^ 1 (cis«or 

^ y^lB^iJtT) 1 --7 0 7#cOiE^tJ (MBS-N) 43 J: 
6 9 9 — 9 7 6 S<OiB^iJ (MBS-C) OOcDNA^p 
ACT-<:?^^— (:^ ni/^5^^%t^. MATCHMAKERS >r:/ 
Sy— ^?/h) c^B a mH I a${A^4'^-2gA-t~^- 

^X^m^^'^^tcib<D^i^ 1^— (^th^tV. pACTI 
IHK-MBS-N. pACT I IHK-MBS-Ci: 
-r-5) ^«^U:rCo rtt'bcD-<^:^-^ffiVNT. pBT 
M116-RasWT. pBTM116-Rho 
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ttco^Stetfef*:(*t :=^^i^^^^*tt-C31S^bfc(A. B. Voj 
etket al.Cell 74, 205-214 (1993)) o 't<D^^. EI 1 0 
t^^bfci: 5t-MB S-CJ^^MMRh o A^'**" 
t^g^-fS^^ MBS~Ni:^MMRh o A^"*" 

[01051 mmm i pie 4(;i<fc^^!7 h y - 

:7 r ^ — ^'^i^o^tU 
(1) p 1 6 4(cJ:^^T7 h y • 
10 :y h y ^^^l^^®^ 

p 1 6 4ti:=^r7 ^y<D5::^^/:/^^i^:/^^5' h^>^VN 

iTca-^tfti. m^iry ^^^fbufco by 

^-^i^>^^^5^b (Shimizu, H. et al. . J. Biol. Che 
m. , 269, 30407-30411 (1994) ) <DC*ffi{|iJ<D^:7^^ K 
m)^ (T^/^753 -1004) 

©tCOM^^^-^^^W (MBS-C) ^mMm2 (3) 

T. mmm2 o) (ciEm<?:>ir)fet-^i:^Tp i e 4(ci: 
-5 y ^^^Yk<?^sa[^ffl0^ufc (Ell 1) o ^(Df^M. p 

20 1 6 AKX^MBS- C(DV :^mit<DUm^. ::il^hx^ 
—/V (GST#:fiET. V— :xi) {c:M:-<. GTPyS • 
GST-Rh o A#^T-e5fg^^JiS:3lUfc (l^— :x 
3) o jy-fiP.fi^l-. GDP-GST-RhoA (W— ^ 
2) . GTPy S • GST-Rh o A^»*^" (V-— 
:^4) . GDP-GST-Racl (V~V5) . GT 
PyS-GST-Racl (U^-l^S) X\^V :^Mit<0 

^4^:/jx--/h (Shimizu, H. et al. , J. Biol. Chem. , 
269, 30407-30411 (1994) ) CDNp^^S{|iJcO-<:r^ 
30 >t (T^y^l '-'721 ) MBS-CcD;?>^t?t)(;iSM 
b UT^^V^fcJ^^f^. p 1 6 4^^ntb^y ^mit:l-^cC:d^ 

[01061 (2) p 1 6 4{Cj:^c:^r7 b y • 

h y®?^;5^^>co^^(D^;^i/^^eiS>^;r;^:7r ^ — 

ifOfS^f*. Shimizu, H- et al. , J. Biol. Chem., 26 
9, 30407-30411 (1994) {c|B®<0:*'ffi{Ct^^o T^Jfe U 

40 (l^i^i) c =m>sr/^SS<Op 1 6 4#ffiT-cy ^ 

^>fk bfc ^ :^ ;^ :7 r ^ — ^o^^^l^^^aj 

^ufc (iii^2) o p 1 ^ 

h;$sy :/^>ft:§;^t5:i^, :}3i;i;?p l 6 4 CiJ: 

_h<0^i5iU:fe:2oco^@^ (^fll*5j:05|^is^2) co^m 
^^t^itT. p 1 6 4CO^gS^^WtC]^oT^b/c^CO 

r^. iig^i*5j:t;^sie^2<^^^^&^;^^^&t^TfB 

50 j;i^bfc^*5*9-C^^o 
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[0 10 7] p 1 6 4{z.X^^m(0^:t-^>'mm:7^::^ 

:7r^-"^<ov>mit immi) m^(Dm(Dp i e 

4^^T. 1 mMCOGTPv S • GST-Rh o A#^E 

^ (1. 0 /I g ^ W^^ft) ^^t?4 0 /Li 1 <7)^^^y 
:7T^ (34mM Tris/HCl, pH 7. 
5. 34inM KC K 4. 0 mM MgCla. 1. 
6 2 5mM EDTA. 1. 2 mM DTT. 1. 3% 

0. 38% CHAPS. lOuM 
[^^S] ATPyS) ^-Cfy^^otCo 3^^^:^^^ 
h^. S^S^l^¥g^SDS-PAGEm^^ib=^tT 

(Fuj i BAS-20 

0 0) icX^mMl^fCo 5;^v^>^^:7;r;^:7r -i^ 
^-7^^^^ (1. o/ig^^-^^^S) S$c«tg-cM 

f^b?'c^:V^l 0 fiM ATP V S cD#^ET^fct:i#^#1^ 
T. 1 mM(DGTP V S • GST-Rh oA^(¥ffiT*fc 

fCo ^ft-\'^5 104 6mM EDTA^;^PX.'Cf^JhU 

fco m^5^ I (DMcmmmvti^:t^^>'mm^^t^3 o 

mMTr i s/HCl, pH7. 5. 30mM KG 
K 0. 5mM DTT^;!JDx.T. b — ^/W5 0m1<^ 

(OS^Ishihara, H. et al. , Biochem. Biophys. Res. 
Conmun. 159. 871-877 (1989) (C|a«<0;^&(C J: «9 ?I0^ 
UfCo ^:^ti. ^1 2{Zi^'rXv\^. P 1 6 4SSfi!c# 

"^Km^J^^^tio ATP y S#ffiT-C{^. pi 

6 4SSfe#«J(-^^^>^S^^^^^^^^"^^'l*^ 

SpfiJ>5S^v^m$tufc;65. r.<?:>fflJ*J(iATP V S#^#ffiT 

r Q 1 0 8 1 mmm s n i hx 3 t 3 ^ja^p^-^oR h 
CD y :^^>fb^n:j(i<Dji^ 

TIEtClEife-r-S^tlt-. N I H/3 T 3*fflJ9^f^-C. Rho 
(ci:oT^ ;^V^>g'&1^:7^^^^^ b (O y >^>f b;^>^ /l^I-T 
'5;^^i:*5>5=^tcoV^T^f^tbfCo l^^g^H (Stratagene 
tt) <^{g^l^5^#{-S<5#, NIH/3T3^^(;i. p 
3* S S:|5J:U^pOPRS V I -HA-Rh o A:^fc(i 
pOPRS V I -HA-Rh oA'^'-'^^^^M^ii^ 

TG^Jt^TtC--'^^/l^^^:x (HA) -RhoA^fct* 

H A- R h o A^* • ^ ^<£r^m*-^^ ^ ^ ^5-^^ 

3 5mmf^^ 5'->^*-Ci&^b=i^^::7/Wai>' b (conflu 
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3T3-RhoA-5. N I H/ 3 T 3 - R h o A- 2 
4. NIH/3T3-RhoA^'^'"-7*3J:tJ^N 
I H/3 T 3 -Rh o A^*''^- 2 4) ^ 5 mM 
I PTG-e2 4^M^3SUfCo 1 2 JfilS 

^^5febfci§«?S*-e^*U ^CO^^ 9. 2 5 MB 

q<D [^^p] -:^/vhvi^mx2mmmm^t:.o t<D 

10 S--PAGE(;i>5»^tt. — bfco ± 

iEo:;^^fe-e. r h o A^fct^iR h o a^^ • ^^^n i 
H/3T3^ji^t^(^5apj{c5i^$-^fc^::^. m^\^m 

m (A. J. Ridley & A. Hall, Cell 70, 389-399 (199 
2) 4o<fcm- J. Ridley & A. Hall, EMBO J- , 13, 2600 

-2610 (1994)) (o:::t<. M^^i^^/^<^^ h^:^' 

Pt&) Rh o A^fct^iRh o A^*'^"^^ili«I{-^ 
20 ^^-^fcN I H/3 T 3*fflJ5art^D5;^V^-^^■r>^^- 
5/ b<Dy :/^>ft;<DmS(*. ^«<ON I H/3 T 3^^l^ 
cD^;^v-^-^^i^>^^-^>' b<oy >'K<ktomS^-J^^'C 
(11113) o S^jSilTJ^Rh o A 

^fcf^Rh o A^'»^^"^aiiPJtc5&^^'^fcN I H/ 
3T3*fBJiSrtcO^;^->v«^(Oy V^^b<DmS^^> TIE 

{c|a«<D>^&^c^^o•rily^ufco i PTG^S:fei:o^JfiL 
m^*^f^^l 0 Omm-r-r ^;yiXz2-tf3-efTofcN I H/ 
3T3*0Jia*5felCl 0% TCA^^AObfCo ^ W« 

^(^y >^m>fi:cDS«^*s-r^fci!?^(c. b y ^ t3 t^f^^ 

30 (TCA) tt^m^^V-^^--/^- ^ X-'T ' ^ ^x^mMM 
lljtC^^ttx y V^^b^:h/fc (monophosphorylated (ML 
CP) and diphosphorylated (ML CP 2) ) ^ 
v^^i: y >-^>^b^^TV^/£V^^ ;e->'ve^co^g>Et6^^ce 
A/ • bte (D. A. Taylor & J. T. Stu 

11, J. Biol. Chem. 263, 14456 (1988)) lCj;l9^SL 
fCo ^<r>m. Wm^. 0. \ iLyi^yir::^^r^—'^W 
(calyculin-A (CLA) ) X \ 0 ji^n^m\^f^h Z. 

^:^v^-eifl<Dy v-^^fbcos^t^-h^bfc m\ 

4) o Rh o A^^ctiRh o A^'^^"^5^»J(C^m 
40 ^-^fcN I H/3 T 3^IS[^<D^;^v^>'Sii<Dy ^-^^fb 
(D5BS(^. ^;»CDN IH/3T3^JiSl^cD^;rv^V@^ 
c?:>y :/^^b<DgS{::lt-<TM^^{-H:0^'=»:^c (Ell 4) o 
M^^cC-S 3t*(DRh o A^fcfiRh o A^^^^^^iMiSO 
jC^^§-^fcN I H/3 T 3^J5S^^fflV^-C. *S6^t-lRl 

Rh o A^*^'nci:i9. N I H/3 T 3^J5Srt(-f^ 

p l e 4 W^^^^K^^^ f^-tt^fb^tbf::^ 

50 ;^v^>-«^:7;^;??.:7r^— 
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[01091SM19 l*vi>^:i^£^3:^^di^ 
COS-7«aflSlc5;*->i^)^^f-^^--^ (MBS) 

[0 1101 Myc3.l^h-7--<i'^Sritl^^-*^-MB 
S (My c -MBS) Sr5Sm$-e:Sfc«>t-> ^ifhMB 
SSrpEF-BOS-My c (Mizushima, S. & Nagat 
a S.. Nucleic. Acids Res. , 18, 5322 (1990)) 
^a-=t:/^^b. pEF-BOS-My c-MBSSr# 
fCo hri^/^'^=->' (HA) • ^J'^^Srat'g-^ 

-arfcH A - R h o A*3 J; TJ«H A - R h o A 
^•'1' (Mukai, H. et al. , Biochem. Biopys. Re 
s. Conunun., 204. 348-356 (1994)) Sr?im**2>fc«) 
pEF-BOS-HA-Rh oA*3J;U«pEF- 

BOS-HA-RhoA-"'=S:'}»fco pEF-B 
OS-My c4'»My c^HAtre*LfcpEF-BO 

S-HAl^t'^i^-=^^l-^ ^9;^5FpEF-BO 
S-My c-MBS*3J:t?pEF-BOS-HA-Rh 

oA*fc»ipEF-BOS-HA-RhoA-'- 

^ Ridley, A. et al. , Cell 70. 401-410 (1992) {C|E 

^(D^mi^m^-^. cos-7«ffl)istch7v^7-^v' 
n^vfco 4omm^^ ^flssrunDiu. ms^mmm^^^ 

:7r- (20mM Tris-HCl (pH7. 5).^ 
ImM EDTA, SmM MgClj, lOmM f 
l^Mi-hV 'i^-l^. 2. 5*ig/ml pi^'<:7'^ 
0 1 5M NaC 1) t-e^l-^ Dounce*^i?^ 

Sr. 400 0Xg-C5^M5^'L^:^«-rS-tf-J^-^'^**^ 
^WfCo ±«Srl00. 000Xg-e30 ^W3S'L>5^ 
H-rSCttcio-C, f--fH J: tJ!I^ (partic 
ulate ) m^^ntc. ^4 h ^y/WS}5>*3 J^tJ'I^W^^^* 
tv^n. Myc-=^^h-yi^^^^^ (9E10) 

(0 1 1 11 5lc^$)h.5a9t?fcofc. IP 

0%<D5;*-V'^Jg^i>-^^^s' b (My c -M 
BS) ;is-th^ h)//vPi5J-l-^ JS9<0 6 0%«5|^iii;S^(^# 

;^ 7 a: ^ 3 > bfc i: r b '7/mi^\^^^-r^ 

- R h o AtCtb'<T R h o A- ' -^li-t ^ <^3?b 

RhoAcorcOf^fflti. Rh oAr-?;^-^^^'^'^-*'-^^ 
^2/ b fc^-S-^^^J^^-t-^ ^ •^•-'J:-^'^^^^ ^^^^ 
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NAO:? 13— 

t h 5 y ^ (MBS) ^ K-rs c D 

NA^^«^-=i^^-t-Sfc«>t:i. *-f, ^yhD^'S* 
jfeCOMB S c DNA©gP5)-»f>tZ 3 (ShimizuH et al. , 
J. Biol. Chem. 269, 30407-30411 (1994) {CIB«*Sfo«>) 
^^p„-/i.bT. =7vVmmX Uni-ZAP XR cDN 
10 A^'f :/9'J-(Stratagene tt) :Sr;^ ^ D --V^b, 
9,, b(D|ip**MBS»gI55>cDNA (ffiSSEJ^U 2 3 6 
4~3 3 6 4<D^«) Sr#fc„ ^Itl-STT-p-^il^-C, 
t Uni-ZAP XR cDNA7-f:/7y -(Stratagene 
%h) Sr^^'y-'^/^l-^- *<r5^*. tbW**<OM 
BS cDNA©gi5^>ia?lJ (lE?lJ#-i-4{C|a®<DffiSSB 
9 5-2 1 1 2) ;65#feixfc„ r<^t hM**a5:5> 
cDNA^:/P-:^^:^-C> t 1 0 <=DN 

A^-^- 'J - (CLONTECHtt) ( 1 • 0 X 1 0 "t/^- 

20 Sambrook et. al. . Molecular Cloning: A Laboratory M 
anual: Cold Spring Habor Laboratory. Cold Spring H 
arbor, NY(1989) (cSpCrffofc. ^<^^«. N*3J;TJ« 
C7l5*iS<0»Dlkbp rS2 oO^c-:/ (*iT.^ 

tvia^'JS-^ 4 {cia® (0*&SBB?iJ 1 ~ 6 5 3 *3 i; tymSBB 
^iJ1941~3102S:=i— F-rS) «5#t>tv:fco l: b 
MBS c D N A(^ (ia^i#-^ 4 IC|E«(^^ 
ga?iJ6 2 3-2 0 1 4) tt. Human Brain QUICK-CloneT 
McDNA (CLONTECHtt) UT. 7^7^^" (5'CT 

G GAG GTA CAG CAC TTCACG TTG CAG CTG 3' *5 J;y55"rTT 
30 GGG ATT CAG ACT CTT CAT CCC TAA CAG 3') tr^ffl U 
TTAKARA LA-PCR kit (S?Sig*t) S^fflV^■T:PCR SrtrV^ 
ti^ibfeo t hMBS cDNA©:^-^^^- 

pBluscriptll SK(-) (M.A.Alting-Mees et. al. , Nucle 
ic Acids Res., 17. 9494 (1989)) (Stratagenett) ^ 
,.^P,_^^^t:L,fc. tgSKm^<^fe«>> Pharmacia 
Jidouble-stranded Nested Deletion Kit tr^tffl UTde 
letion mutant Srf^Kb, ABI %t<D 377 DNAi^-^^:/ 
1J— Sr«o -CiB?iJ Sr*^ l-^-o 

40 10 1131 (2) 

^S<OtbMBS cDNA<D:^SiB?^lJ*3<fct^^tbJ^ 

gEa?iJ#-^3(^fa«Lyt51t)^ifoofce t hPS5l5©MB 
S cDNA<DlB?^iJtt. M$**<^MBS 
<^gp^cDNAiS?^Ut^^tC-ifcbfco thMBS<0«l 
5 /^Wmi. 1 0 3 0 r 5 JWmk1)-i:>-H^ 9 > 

1 5 kDa-Cfcofco tbMBScOT? 

/msa??y«. (iH3^'J#^i) isiy'-^b'j (sh 

imizu. H. et al. . J. Biol. Chem. 269. 30407-30411 
50 (1994)) (OtOtPl^J-. N*W-T:^^y yt-- 
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^05T5/^iB?iJ3 9-2 9 5) ^-yhMBSOT 

i/df ij y If — b (gB?iJ#-^ 1 Jcia^coT 5 / ^BE^'J 

3 9-2 5 3) i:9 9%. h y MB SCOT V^y 1^ 

y (T 5 / ^1E?U 3 9—2 9 5) (Shimizu, 

H. et al. , J. Biol. Chem. 269, 30407-30411 (199 
4)) i;9 6%CO|3-ttSrS^bfcc ^UT. ^ficOt bM 
B S (OT 5 y ®?SB?U (E?'J#-§- 3 tcfB^OT 5 / ^IH^'J 

1-1 0 3 0) 9 -jy ^<D**^ mn^-Br i icia^o 

T$ yKSB?'Jl-9 7 6) t 8 9%> b y 

5 /^IBJlJ 1 — 9 6 3) (Shimizu, H. et al. , J. Bio 

L Chem. 269, 30407-30411 (1994)) fc 8 1 %<OP— tt 

t hMBS<DT5y^BB?lJ7 5 4-1 0 3 Oicn^-t^ 
cDNAW>H-«r. Ba?^iJ#-^4{c|ES®cDNA^^t 
5. -CTAGCGGCCGCAATTTGGAA 
AGTTTGCTTATTACTCTGATC- 3' . 
*3J;t:^5' -AAAGCGGCCGCTATATAAA 
CAAAAGTACTCCAGAAC-3' €:^7-f-^ 
-t bfcPCR{^ct-pX*i*ib. :^9^5KpVP16 
(Vojtek,A.B.et. al. Cell ,74,205-214 (1993)) 

(Dmm^m.m-<^f'- (pvpig-kmbs) ^i^m 

Lfio *fcVojtek.A.B.et. al. Cell ,74,205-214 (199 
3)(i^D-C. 7^7 ^5 KpBTl 1 6 (Vojtek, A. B. et. 

al. Cell ,74.205-214 (1993)) IC-IS^J-^^SG^ i^^^i^ 
K (Hr^^H-Ra s, jSttMH-Ra s^'"\ 
»±MRho. 43j;tJ«fiH4SRh o^'"^) <^cD 
NA^rJf Ai-S-tt-J:'?, LexA-»^MH-Ra 

sffi-^^J'V^-?^*, L e xA-tS+tMMH-Ra s 
vi^gt-g-^^^^-t^S, L e X A — If^MRh oSt 

ft (Ito, H.et. al. J.Bacteriol.. 153,163-168 (198 
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*3) ) p VP 1 6 - hMB S fc-tH-^ettC^P B 

TMl 1 6-f&^'f-MG^i^^<^n^^^ (S- cerevis 
iae ) <DL4 OW (Mat a trpl leu2 his3 ade2 LYS2:: 
(LexAop)4-HIS3 URA3::(LexAop)8-LacZ ) icSAU. V 
P 1 6-MBSiP-a-i5'>'^^^Kt Le xA-S^^MH- 
Ra sBl'g-^>'^^i5'«- Le xA-f§ttMH-Ra s 
"* ""ilfe-a-^ W> L e X A — tff^^^R h oli 

*fc{4L e X A-fg-ttMRh o 

^V^, hy:/b7r^. t^^^i^i^Sr^^'^iV^) -t-c 

SRh o''*"*iVP 1 6-MBSit^SaWSr* 

h <D c5S4Sfii) (is?ij#-^ 3 \cmm(OT 5 y ^aaj^iJ 754 

-1 0 3 0) ii. 9 5' ^C)5^v'>^-^1^^^=5' 

CESS'S!! (*J6^J 6 ) t mm\^. f5i4MR h o i^m^m 

-t)-:/^=.-;x b<oRh oSS-^^ (Ba?iJ#-^3 \z.mm.(r>r 
5 y'^iH?iJ7 5 4— 1 0 3 0) ii. ^ -y h<0%:ti^>'^ 

5 y mWim 6 9 9 — 9 7 6) ^fcJi-t? b y <0 5 
^^H^-^^- 5, l.<^;fg^-t- S^:^ (tt^Shimizu, H. et 
al. (1994)) (C|B«<DT 5 y j^iH^U 7 1 1-9 6 3) 
^^^^^^9 2%*5j;tJ«7 4%<ol3— tt^^l^-cv* 

[0 116] 

iB^IJ#-i-: 1 

mn<oM^ : 9 7 6 

: 



30 



Met Lys Met Ala Asp Ala Lys Gin Lys Arg Asn Glu Gin Leu Lys Arg 

15 10 15 

Trp lie Gly Ser Glu Thr Asp Leu Glu Pro Pro Val Val Lys Arg Gin 

20 25 30 

Lys Thr Lys Val Lys Phe Asp Asp Gly Ala Val Phe Leu Ala Ala Cys 

35 40 45 

Ser Ser Gly Asp Thr Asp Glu Val Leu Lys Leu Leu His Arg Gly Ala 

50 55 60 

Asp lie Asn Tyr Ala Asn Val Asp Gly Leu Thr Ala Leu His Gin Ala 
65 70 75 80 

Cys lie Asp Asp Asn Val Asp Met Val Lys Phe Leu Val Glu Asn Gly 
85 50 90 95 
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Ala Asn He Asn Gin Pro Asp AsnGlu Gly Trp He Pro Leu His Ala 

100 105 110 

Ala Ala Ser Cys Gly Tyr Leu Asp He Ala Glu Phe Leu He Gly Gin 

115 120 125 

Gly Ala His Val Gly Ala Val Asn Ser Glu Gly Asp Thr Pro Leu Asp 

130 135 140 

He Ala Glu Glu Glu Ala Met Glu Glu Leu Leu Gin Asn Glu Val Asn 
145 150 155 160 

Arg Gin Gly Val Asp He Glu Ala Ala Arg Lys Glu Glu Glu Arg He 

165 170 175 

Met Leu Arg Asp Ala Arg Gin Trp Leu Asn Ser Gly His He Ser Asp 

180 185 190 

Val Arg His Ala Lys Ser Gly Gly Thr Ala Leu His Val Ala Ala Ala 

195 200 205 

Lys Gly Tyr Thr Glu Val Leu Lys Leu Leu He Gin Ala Gly Tyr Asp 

210 215 220 

Val Asn He Lys Asp Tyr Asp Gly Trp Thr Pro Leu His Ala Ala Ala 
225 230 235 240 

His Trp Gly Lys Glu Glu Ala Cys Arg He Leu Val Asp Asn Leu Cys 

245 250 255 

Asp Met Glu Thr Val Asn Lys Val Gly Gin Thr Ala Phe Asp Val Ala 

260 265 270 

Asp Glu Asp He Leu Gly Tyr Leu Glu Glu Leu Gin Lys Lys Gin Asn 

275 280 285 

Leu Leu His Ser Glu Lys Arg Asp Lys Lys Ser Pro Leu He Glu Ser 

290 295 300 

Thr Ala Asn Met Glu Asn Asn Gin Pro Gin Lys Thr Phe Lys Asn Lys 
305 310 315 320 

Glu Thr Leu He He Glu Pro Glu Lys Asn Ala Ser Arg He Glu Ser 

325 330 335 

Leu Glu Gin Glu Lys Ala Asp Glu Glu Glu Glu Gly Lys Lys Asp Glu 

340 345 350 

Ser Ser Cys Ser Ser Glu Glu Asp Glu Glu Asp Asp Ser Glu Ser Glu 

355 360 365 

Ala Glu Thr Asp Lys Thr Lys Pro Met Ala Ser Val Thr Asn Ala His 

370 375 380 

Thr Ala Ser Thr Gin Ala Ala Pro Ala Ala Val Thr Thr Pro Thr Leu 
385 390 395 400 

Ser Ser Asn Gin Gly Thr Pro Thr Ser Pro Val Lys Lys Phe Pro Thr 

405 410 415 

Ser Thr Thr Lys He Ser Pro Lys Glu Glu Glu Arg Lys Asp Glu Ser 

420 425 430 

Pro Ala Ser Trp Arg Leu Gly Leu Arg Lys Thr Gly Ser Tyr Gly Ala 

435 440 445 

Leu Ala Glu He Thr Ala Ser Lys Glu Ala Gin Lys Glu Lys Asp Thr 

450 455 460 

Ala Gly Val He Arg Ser Ala Ser Ser Pro Arg Leu Ser Ser Ser Leu 
465 470 475 480 

Asp Asn Lys Glu Lys Glu Lys Asp Asn Lys Gly Thr Arg Leu Ala Tyr 



485 



50 490 



495 
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Val Ala Pro Thr He Pro Arg Arg Leu Gly Ser Thr Ser Asp He Glu 

500 505 510 

Glu Lys Glu Asn Arg Glu Ser Ser Asn Leu Arg Thr Ser Ser Ser Tyr 

515 520 525 

Thr Arg Arg Lys Trp Glu Asp Asp Leu Lys Lys Asn Ser Ser He Asn 

530 535 540 

Glu Gly Ser Thr Tyr His Arg Ser Thr Ser Asn Arg Leu Trp Ala Glu 
545 550 555 560 

Asp Ser Thr Glu Lys Glu Lys Asp Ser Ala Pro Thr Ala Ala Thr He 

565 570 575 

Leu Val Ala Pro Thr Val Val Ser Ala Ala Ala Ser Ser Thr Thr Ala 

580 585 590 

Leu Thr Thr Thr Thr Ala Gly Thr Leu Ser Ser Thr Ser Glu Val Arg 

595 600 605 

Glu Arg Arg Arg Ser Tyr Leu Thr Pro Val Arg Asp Glu Glu Ser Glu 

610 615 620 

Ser Gin Arg Lys Ala Arg Ser Arg Gin Ala Arg Gin Ser Arg Arg Ser 
625 630 635 640 

Thr Gin Gly Val Thr Leu Thr Asp Leu Gin Glu Ala Glu Lys Thr He 

645 650 655 

Gly Arg Ser Arg Ser Thr Arg Thr Arg Glu Gin Glu Asn Glu Glu Lys 

660 665 670 

Asp Lys Glu Glu Lys Glu Lys Gin Asp Lys Glu Lys Gin Glu Glu Lys 

675 680 685 

Lys Glu Ser Glu Val Ser Arg Glu Asp Glu Tyr Lys Gin Lys Tyr Ser 

690 695 700 

Arg Thr Tyr Asp Glu Thr Tyr Ala Arg Tyr Arg Pro Val Ser Thr Ser 
705 710 715 720 

Ser Ser Ser Thr Pro Ser Ser Ser Ser Leu Ser Thr Leu Gly Ser Ser 

725 730 735 

Leu Tyr Ala Ser Ser Gin Leu Asn Arg Pro Asn Ser Leu Val Gly He 

740 745 750 

Thr Ser Ala Tyr Ser Arg Gly Leu Thr Lys Asp Asn Glu Arg Glu Gly 

755 760 765 

Glu Lys Lys Glu Glu Glu Lys Glu Gly Glu Asp Lys Ser Gin Pro Lys 

770 775 780 

Ser He Arg Glu Arg Arg Arg Pro Arg Glu Lys Arg Arg Ser Thr Gly 
785 790 795 800 

Val Ser Phe Trp Thr Gin Asp Ser Asp Glu Asn Glu Gin Glu Arg Gin 
Ser Asp Thr Glu Asp Gly Ser Ser Lys Arg Asp Thr Gin Thr Asp Ser 

820 825 830 

Val Ser Arg Tyr Asp Ser Ser Ser Thr Ser Ser Ser Asp Arg Tyr Asp 

835 840 845 

Ser Leu Leu Gly Arg Ser Ala Ser Tyr Ser Tyr Leu Glu Glu Arg Lys 

850 855 860 

Pro Tyr Gly Ser Arg Leu Glu Lys Asp Asp Ser Thr Asp Phe Lys Lys 
865 870 875 880 

Leu Tyr Glu Gin He Leu Ala Glu Asn Glu Lys Leu Lys Ala Gin Leu 

885 890 895 

His Asp Thr Asn Met Glu Leu Thr50sp Leu Lys Leu Gin Leu Glu Lys 
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900 905 910 

Ala Thr Gin Arg Gin Glu Arg Phe Ala Asp Arg Ser Leu Leu Glu Met 

915 920 925 

Glu Lys Arg Glu Arg Arg Ala Leu Glu Arg Arg He Ser Glu Met Glu 

930 935 940 

Glu Glu Leu Lys Met Leu Pro Asp Leu Lys Ala Asp Asn Gin Arg Leu 
945 950 955 960 

Lys Asp Glu Asn Gly Ala Leu He Arg Val He Ser Lys Leu Ser Lys 
965 970 975 

[0117] mm-^ - 2 * h/Kn v^- : um^^ 

m\\(o^i : 3 3 0 0 Mm<omm • cdna 

Em 

CGGTCGCACA cccccx:ggtg TCCCCTCGCC TCCCTCGCCG CCGCCCCCTT CCCCCGCTCG 60 
CGATAAGAAG AGCCGGCGGC AGGAGAGGGG ATG AAG ATG GCG GAC GCG AAG CAG 114 

Met Lys Met Ala Asp Ala Lys Gin 
1 5 

AAG CGG AAC GAG CAG CTG AAG CGC TGG ATC GGC TCC GAG ACG GAC CTC 162 
Lys Arg Asn Glu Gin Leu Lys Arg Trp He Gly Ser Glu Thr Asp Leu 

10 15 20 

GAG CCT CCC GTG GTG AAG CGC CAG AAG ACC AAG GTG AAG TTC GAC GAT 210 
Glu Pro Pro Val Val Lys Arg Gin Lys Thr Lys Val Lys Phe Asp Asp 
25 30 35 40 

GGC GCC GTC TTC CTC GCC GCC TGC TCC AGC GGC GAC ACG GAC GAG GTC 258 
Gly Ala Val Phe Leu Ala Ala Cys Ser Ser Gly Asp Thr Asp Glu Val 

45 50 55 

CTC AAG CTG CTG CAC CGC GGC GCC GAC ATC AAT TAC GCC AAT GTG GAC 306 
Leu Lys Leu Leu His Arg Gly Ala Asp He Asn Tyr Ala Asn Val Asp 

60 65 70 

GGA CTC ACC GCC CTG CAC CAG GCT TGC ATT GAT GAC AAT GTT GAT ATG 354 
Gly Leu Thr Ala Leu His Gin Ala Cys He Asp Asp Asn Val Asp Met 

75 80 85 

GTG AAG TTT CTG GTA GAA AAT GGA GCA AAT ATC AAT CAA CCT GAC AAT 402 
Val Lys Phe Leu Val Glu Asn Gly Ala Asn He Asn Gin Pro Asp Asn 

90 95 100 

GAA GGC TGG ATT CCA CTC CAT GCA GCC GCT TCC TGT GGA TAT CTG GAT 450 
Glu Gly Trp He Pro Leu His Ala Ala Ala Ser Cys Gly Tyr Leu Asp 

105 no 115 120 

ATT GCA GAA TTT TTG ATT GGT CAA GGA GCA CAT GTA GGA GCT GTC AAC 498 
He Ala Glu Phe Leu He Gly Gin Gly Ala His Val Gly Ala Val Asn 

125 130 135 

AGT GAA GGT GAC ACA CCT TTA GAT ATT GCA GAG GAG GAA GCA ATG GAA 546 
Ser Glu Gly Asp Thr Pro Leu Asp He Ala Glu Glu Glu Ala Met Glu 

140 145 150 

GAG CTA CTT CAA AAT GAG GTT AAT CGG CAA GGT GTT GAT ATA GAA GCA 594 
Glu Leu Leu Gin Asn Glu Val Asn Arg Gin Gly Val Asp He Glu Ala 

155 160 165 

GCT CGA AAA GAA GAG GAA CGC ATA ATG CTT AGA GAC GCG AGG CAG TGG 642 
Ala Arg Lys Glu Glu Glu Arg He lE£)t Leu Arg Asp Ala Arg Gin Trp 
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43 44 
170 175 180 

TTG AAC AGT GGT CAC ATC AGT GAC GTC CGG CAT GCA AAG TCC GGA GGC 690 
Leu Asn Ser Gly His He Ser Asp Val Arg His Ala Lys Ser Gly Gly 
185 190 195 200 

ACA GCA CTC CAC GTG GCA GCG GCC AAA GGG TAT ACA GAA GTT TTA AAA 738 
Thr Ala Leu His Val Ala Ala Ala Lys Gly Tyr Thr Glu Val Leu Lys 

205 210 215 

CTT TTA ATA CAG GCA GGC TAT GAT GTT AAT ATT AAA GAT TAT GAT GGC 786 
Leu Leu He Gin Ala Gly Tyr Asp Val Asn He Lys Asp Tyr Asp Gly 

220 225 230 

TGG ACA CCT CTT CAT GCT GCA GCT CAC TGG GGT AAA GAA GAA GCA TGT 834 
Trp Thr Pro Leu His Ala Ala Ala His Trp Gly Lys Glu Glu Ala Cys 

235 240 245 

CGG ATT TTA GTG GAC AAT CTG TGT GAT ATG GAG ACG GTC AAC AAA GTG 
Arg He Leu Val Asp Asn Leu Cys Asp Met Glu Thr Val Asn Lys Val 

250 255 260 

GGC CAA ACA GCC TTT GAT GTA GCA GAT GAA GAC ATT TTG GGA TAT CTA 930 
Gly Gin Thr Ala Phe Asp Val Ala Asp Glu Asp He Leu Gly Tyr Leu 
265 270 275 280 

GAG GAG TTG CAA AAA AAA CAA AAT CTG CTC CAT AGT GAA AAG CGG GAT 978 
Glu Glu Leu Gin Lys Lys Gin Asn Leu Leu His Ser Glu Lys Arg Asp 

285 290 295 

AAG AAA TCT CCA CTG ATT GAA TCA ACA GCA AAT ATG GAA AAT AAT CAA 1026 
Lys Lys Ser Pro Leu He Glu Ser Thr Ala Asn Met Glu Asn Asn Gin 

300 305 310 

CCA CAG AAG ACT TTT AAA AAC AAG GAA ACG TTG ATT ATT GAG CCA GAG 1074 
Pro Gin Lys Thr Phe Lys Asn Lys Glu Thr Leu He He Glu Pro Glu 

315 320 325 

AAA AAT GCA TCT CGA ATC GAG TCT CTG GAG CAA GAA AAG GCT GAT GAG 1122 
Lys Asn Ala Ser Arg He Glu Ser Leu Glu Gin Glu Lys Ala Asp Glu 

330 335 340 

GAG GAG GAA GGC AAG AAG GAT GAG TCC AGC TGC TCC AGT GAG GAG GAT 1170 
Glu Glu Glu Gly Lys Lys Asp Glu Ser Ser Cys Ser Ser Glu Glu Asp 
345 350 355 360 

GAG GAG GAT GAC TCC GAG TCC GAA GCG GAG ACA GAT AAG ACA AAA CCC 1218 
Glu Glu Asp Asp Ser Glu Ser Glu Ala Glu Thr Asp Lys Thr Lys Pro 

365 370 375 

ATG GCT TCT GTA ACT AAT GCT CAC ACT GCC AGC ACT CAG GCA GCT CCT 1266 
Met Ala Ser Val Thr Asn Ala His Thr Ala Ser Thr Gin Ala Ala Pro 

380 385 390 

GCC GCT GTG ACA ACA CCT ACT CYG TCT TCC AAC CAG GGG ACC CCT ACA 1314 
Ala Ala Val Thr Thr Pro Thr Leu Ser Ser Asn Gin Gly Thr Pro Thr 

395 400 405 

TCA CCT GTT AAA AAG TTT CCT ACA TCA ACT ACA AAA ATT TCT CCC AAA 1362 
Ser Pro Val Lys Lys Phe Pro Thr Ser Thr Thr Lys He Ser Pro Lys 

410 415 420 

GAA GAA GAA AGA AAA GAT GAA TCT CCT GCA TCC TGG AGG TTA GGA CTT 1410 
Glu Glu Glu Arg Lys Asp Glu Ser Pro Ala Ser Trp Arg Leu Gly Leu 
425 430 435 440 

AGA AAG ACT GGC AGT TAT GGT GCC CTG GCT GAG ATC ACT GCA TCT AAA 1458 
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Arg Lys Thr Gly Ser Tyr Gly Ala Leu Ala Glu He Thr Ala Ser Lys 

445 450 455 

GAA GCT CAG AAG GAG AAA GAC ACT GCA GGC GTG ATA CGT TCA GCT TCG 1506 
Glu Ala Gin Lys Glu Lys Asp Thr Ala Gly Val He Arg Ser Ala Ser 

460 465 470 

AGT CCC AGA CTC TCG TCC TCT TTG GAT AAT AAA GAA AAG GAG AAA GAC 1554 
Ser Pro Arg Leu Ser Ser Ser Leu Asp Asn Lys Glu Lys Glu Lys Asp 

475 480 485 

AAT AAA GGA ACA AGA CTT GCA TAT GTC GCC CCT ACA ATC CCA AGG CGA 1602 
Asn Lys Gly Thr Arg Leu Ala Tyr Val Ala Pro Thr He Pro Arg Arg 

490 495 500 

CTA GGC AGT ACG TCT GAC ATT GAA GAG AAG GAA AAC AGA GAG TCT TCA 1650 
Leu Gly Ser Thr Ser Asp He Glu Glu Lys Glu Asn Arg Glu Ser Ser 
505 510 515 520 

AAT TTG CGA ACA AGT AGT TCT TAC ACA AGA AGA AAA TGG GAA GAT GAT 1698 
Asn Leu Arg Thr Ser Ser Ser Tyr Thr Arg Arg Lys Trp Glu Asp Asp 

525 530 535 

CTT AAA AAA AAT AGT TCA ATC AAT GAA GGA TCT ACT TAC CAT AGA AGT 1746 
Leu Lys Lys Asn Ser Ser He Asn Glu Gly Ser Thr Tyr His Arg Ser 

540 545 550 

ACC TCA AAT CGT TTG TGG GCT GAG GAT AGT ACT GAG AAA GAG AAG GAC 1794 
Thr Ser Asn Arg Leu Trp Ala Glu Asp Ser Thr Glu Lys Glu Lys Asp 

555 560 565 

AGT GCT CCT ACC GCA GCG ACC ATT CTT GTT GCT CCA ACT GTT GTA AGT 1842 
Ser Ala Pro Thr Ala Ala Thr He Leu Val Ala Pro Thr Val Val Ser 

570 575 580 

GCT GCA GCT TCT TCT ACC ACA GCC CTG ACC ACA ACT ACT GCT GGC ACT 1890 
Ala Ala Ala Ser Ser Thr Thr Ala Leu Thr Thr Thr Thr Ala Gly Thr 
585 590 595 600 

CTT TCC TCC ACA TCA GAG GTC AGG GAG AGA CGC AGG TCA TAC CTC ACT 1938 
Leu Ser Ser Thr Ser Glu Val Arg Glu Arg Arg Arg Ser Tyr Leu Thr 

605 610 615 

CCT GTT AGG GAT GAA GAG TCT GAA TCC CAA AGG AAA GCA AGA TCT AGA 1986 
Pro Val Arg Asp Glu Glu Ser Glu Ser Gin Arg Lys Ala Arg Ser Arg 

620 625 630 

CAA GCA AGA CAG TCT AGA CGG TCA ACA CAG GGG GTG ACA CTG ACT GAC 2034 
Gin Ala Arg Gin Ser Arg Arg Ser Thr Gin Gly Val Thr Leu Thr Asp 

635 640 645 

CTC CAG GAA GCC GAA AAG ACA ATA GGA AGA AGC CGT TCT ACG AGA Aa 2086 
Leu Gin Glu Ala Glu Lys Thr He Gly Arg Ser Arg Ser Thr Arg Thr 

650 655 660 

AGA GAA CAA GAA AAC GAA GAA AAA GAC AAA GAA GAA AAG GAA AAG CAG 2130 
Arg Glu Gin Glu Asn Glu Glu Lys Asp Lys Glu Glu Lys Glu Lys Gin 
665 670 675 680 

GAT AAA GAG AAA CAA GAA GAA AAG AAG GAG TCA GAA GTA TCT AGA GAA 2178 
Asp Lys Glu Lys Gin Glu Glu Lys Lys Glu Ser Glu Val Ser Arg Glu 

685 690 695 

GAT GAA TAT AAG CAA AAG TAT TCC AGA ACA TAC GAT GAG ACT TAT GCA 2226 
Asp Glu Tyr Lys Gin Lys Tyr Ser Arg Thr Tyr Asp Glu Thr Tyr Ala 
700 Wo 710 
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CGT TAG AGA CCA GTG TCA ACT TCA AGT TCA AGC ACT CCG TCG TCC TCC 2274 
Arg Tyr Arg Pro Val Ser Thr Ser Ser Ser Ser Thr Pro Ser Ser Ser 

715 720 725 

TCA CTT TCT ACT CTA GGC AGT TCA CTC TAT GCC TCA AGT CAG CTC AAC 2322 
Ser Leu Ser Thr Leu Gly Ser Ser Leu Tyr Ala Ser Ser Gin Leu Asn 

730 735 740 

AGG CCA AAC AGC CTT GTA GGT ATA ACC TCT GCC TAC TCC CGG GGA TTA 2370 
Arg Pro Asn Ser Leu Val Gly He Thr Ser Ala Tyr Ser Arg Gly Leu 
745 750 755 760 

ACC AAA GAC AAT GAA AGA GAG GGA GAG AAA AAA GAA GAG GAA AAA GAA 2418 
Thr Lys Asp Asn Glu Arg Glu Gly Glu Lys Lys Glu Glu Glu Lys Glu 

765 770 775 

GGG GAA GAT AAG TCA CAA CCT AAA TCA ATC AGA GAA CGA CGG CGA CCA 2466 
Gly Glu Asp Lys Ser Gin Pro Lys Ser He Arg Glu Arg Arg Arg Pro 

780 785 790 

AGA GAA AAA CGG AGG TCT ACT GGA GTC TCC TTC TGG ACA CAA GAT AGT 2514 
Arg Glu Lys Arg Arg Ser Thr Gly Val Ser Phe Trp Thr Gin Asp Ser 

795 800 805 

GAT GAA AAT GAG CAA GAG CGG CAG TCA GAC ACC GAG GAT GGC TCC AGC 2562 
Asp Glu Asn Glu Gin Glu Arg Gin Ser Asp Thr Glu Asp Gly Ser Ser 

810 815 820 

AAG AGG GAC ACT CAG ACG GAT TCT GTT TCC AGG TAT GAC AGC AGT TCC 2610 
Lys Arg Asp Thr Gin Thr Asp Ser Val Ser Arg Tyr Asp Ser Ser Ser 
825 830 835 840 

ACG TCA TCA AGC GAT CGG TAT GAC TCC TTG CTG GGT CGT TCT GCC TCA 2658 
Thr Ser Ser Ser Asp Arg Tyr Asp Ser Leu Leu Gly Arg Ser Ala Ser 

845 850 855 

TAC AGT TAC TTA GAA GAA AGG AAA CCA TAT GGT AGC CGA CTA GAA AAG 2706 
Tyr Ser Tyr Leu Glu Glu Arg Lys Pro Tyr Gly Ser Arg Leu Glu Lys 

860 865 870 

GAT GAC TCA ACT GAC TTC AAA AAG CTT TAT GAA CAA ATC TTA GCT GAA 2754 
Asp Asp Ser Thr Asp Phe Lys Lys Leu Tyr Glu Gin He Leu Ala Glu 

875 880 885 

AAT GAA AAA CTA AAG GCA CAG CTA CAT GAC ACA AAT ATG GAA CTA ACG 2802 
Asn Glu Lys Leu Lys Ala Gin Leu His Asp Thr Asn Met Glu Leu Thr 

890 895 900 

GAT CTA AAG TTG CAG TTG GAA AAA GCT ACC CAG AGA CAA GAA CGA TTT 2850 
Asp Leu Lys Leu Gin Leu Glu Lys Ala Thr Gin Arg Gin Glu Arg Phe 
905 910 915 920 

GCT GAC AGG TCA CTA TTG GAG ATG GAA AAA AGG GAA CGA AGA GCT CTA 2898 
Ala Asp Arg Ser Leu Leu Glu Met Glu Lys Arg Glu Arg Arg Ala Leu 

925 930 935 

GAA AGA AGA ATA TCT GAG ATG GAA GAG GAG CTC AAA ATG TTA aA GAC 2946 
Glu Arg Arg He Ser Glu Met Glu Glu Glu Leu Lys Met Leu Pro Asp 

940 945 950 

TTA AAA GCA GAC AAC CAG AGG CTA AAG GAT GAA AAT GGG GCC TTG ATC 2994 
Leu Lys Ala Asp Asn Gin Arg Leu Lys Asp Glu Asn Gly Ala Leu He 

955 960 965 

AGA GTT ATA AGC AAA CTT TCC AAG TAGGACAGAA AACACACAAG CGAAGCAGCG 3048 
Arg Val He Ser Lys Leu Ser Lys 50 




(26) 




mmW-l 0-5 7 0 74 



49 



50 



970 



975 



GGACTTGCAC ACACTCCCCA GTGGACCACA TTGGCAGTCA CTGGACGCCA GAAAGAACCC 3108 

CTGGAGACTG TCATTTTCCG ATATCCTGCC AAACGCCCTC TTATCTAGGA GTTTTGTTTC 3168 

GTTTAATCTT CTGCCCCACC CCCTTGGTTA TCAAGACCAT TGTTTCATGT TAAAGCCGCT 3228 

GCTGAGAAGA TTTTTTTTCA ATGACTGAGA AAACTTGTTT ACAGCTCCAG CAAATAAAGA 3288 

AAGTGTTCAA GG 3300 



Met Lys Met Ala Asp Ala Lys Gin Lys Arg Asn Glu Gin Leu Lys Arg 

15 10 15 

Trp He Gly Ser Glu Thr Asp Leu Glu Pro Pro Val Val Lys Arg Gin 

20 25 30 

Lys Thr Lys Val Lys Phe Asp Asp Gly Ala Val Phe Leu Ala Ala Cys 

35 40 45 

Ser Ser Gly Asp Thr Asp Glu Val Leu Lys Leu Leu His Arg Gly Ala 

50 55 60 

Asp He Asn Tyr Ala Asn Val Asp Gly Leu Thr Ala Leu His Gin Ala 
65 70 75 80 

Cys He Asp Asp Asn Val Asp Met Val Lys Phe Leu Val Glu Asn Gly 

85 90 95 

Ala Asn He Asn Gin Pro Asp Asn Glu Gly Trp He Pro Leu His Ala 

100 105 110 

Ala Ala Ser Cys Gly Tyr Leu Asp He Ala Glu Phe Leu He Gly Gin 

115 120 125 

Gly Ala His Val Gly Ala Val Asn Ser Glu Gly Asp Thr Pro Leu Asp 

130 135 140 

He Ala Glu Glu Glu Ala Met Glu Glu Leu Leu Gin Asn Glu Val Asn 
145 150 155 160 

Arg Gin Gly Val Asp He Glu Ala Ala Arg Lys Glu Glu Glu Arg He 

165 170 175 

Met Leu Arg Asp Ala Arg Gin Trp Leu Asn Ser Gly His He Asn Asp 

180 185 190 

Val Arg His Ala Lys Ser Gly Gly Thr Ala Leu His Val Ala Ala Ala 

195 200 205 

Lys Gly Tyr Thr Glu Val Leu Lys Leu Leu He Gin Ala Gly Tyr Asp 

210 215 220 

Val Asn He Lys Asp Tyr Asp Gly Trp Thr Pro Leu His Ala Ala Ala 
225 230 235 240 

His Trp Gly Lys Glu Glu Ala Cys Arg He Leu Val Asp Asn Leu Cys 

245 250 255 

Asp Met Glu Met Val Asn Lys Val Gly Gin Thr Ala Phe Asp Val Ala 

260 265 270 

Asp Glu Asp He Leu Gly Tyr Leu Glu Glu Leu Gin Lys Lys Gin Asn 

275 280 285 

Leu Leu His Ser Glu Lys Arg Asp Lys Lys Ser Pro Leu He Glu Ser 

290 295 300 

Thr Ala Asn Met Asp Asn Asn Gin S^ Gin Lys Thr Phe Lys Asn Lys 



[01181 Sa^lJ#-^ : 3 
SB^lJcOS^ : 1 0 3 0 



mm ' 



* 10 ' t b 



(27) 10-57074 



51 52 
305 310 315 320 

Glu Thr Leu He He Glu Pro Glu Lys Asn Ala Ser Arg He Glu Ser 

325 330 335 

Leu Glu Gin Glu Lys Val Asp Glu Glu Glu Glu Gly Lys Lys Asp Glu 

340 345 350 

Ser Ser Cys Ser Ser Glu Glu Asp Glu Glu Asp Asp Ser Glu Ser Glu 

355 360 365 

Ala Glu Thr Asp Lys Thr Lys Pro Leu Ala Ser Val Thr Asn Ala Asn 

370 375 380 

Thr Ser Ser Thr Gin Ala Ala Pro Val Ala Val Thr Thr Pro Thr Val 
385 390 395 400 

Ser Ser Gly Gin Ala Thr Pro Thr Ser Pro He Lys Lys Phe Pro Thr 

405 410 415 

Thr Ala Thr Lys He Ser Pro Lys Glu Glu Glu Arg Lys Asp Glu Ser 

420 425 430 

Pro Ala Thr Trp Arg Leu Gly Leu Arg Lys Thr Gly Ser Tyr Gly Ala 

435 440 445 

Leu Ala Glu He Thr Ala Ser Lys Glu Gly Gin Lys Glu Lys Asp Thr 

450 455 460 

Ala Gly Val Thr Arg Ser Ala Ser Ser Pro Arg Leu Ser Ser Ser Leu 
465 470 475 480 

Asp Asn Lys Glu Lys Glu Lys Asp Ser Lys Gly Thr Arg Leu Ala Tyr 

485 490 495 

Val Ala Pro Thr He Pro Arg Arg Leu Ala Ser Thr Ser Asp He Glu 

500 505 510 

Glu Lys Glu Asn Arg Asp Ser Ser Ser Leu Arg Thr Ser Ser Ser Tyr 

515 520 525 

Thr Arg Arg Lys Trp Glu Asp Asp Leu Lys Lys Asn Ser Ser Val Asn 

530 535 540 

Glu Gly Ser Thr Tyr His Lys Ser Cys Ser Phe Gly Arg Arg Gin Asp 
545 550 555 560 

Asp Leu He Ser Ser Ser Val Pro Ser Thr Thr Ser Thr Pro Thr Val 

565 570 575 

Thr Ser Ala Ala Gly Leu Gin Lys Ser Leu Leu Ser Ser Thr Ser Thr 

580 585 590 

Thr Thr Lys He Thr Thr Gly Ser Ser Ser Ala Gly Thr Gin Ser Ser 

595 600 605 

Thr Ser Asn Arg Leu Trp Ala Glu Asp Ser Thr Glu Lys Glu Lys Asp 

610 615 620 

Ser Val Pro Thr Ala Val Thr He Pro Val Ala Pro Thr Val Val Asn 
625 630 635 640 

Ala Ala Ala Ser Thr Thr Thr Leu Thr Thr Thr Thr Ala Gly Thr Val 

645 650 655 

Ser Ser Thr Thr Glu Val Arg Glu Arg Arg Arg Ser Tyr Leu Thr Pro 

660 665 670 

Val Arg Asp Glu Glu Ser Glu Ser Gin Arg Lys Ala Arg Ser Arg Gin 

675 680 685 

Ala Arg Gin Ser Arg Arg Ser Thr Gin Gly Val Thr Leu Thr Asp Leu 

690 695 700 

Gin Glu Ala Glu Lys Thr He Gly Ai^ Ser Arg Ser Thr Arg Thr Arg 



(28) 10-57074 
53 54 
705 710 715 720 

Glu Gin Glu Asn Glu Glu Lys Glu Lys Glu Glu Lys Glu Lys Gin Asp 

725 730 735 

Lys Glu Lys Gin Glu Glu Lys Lys Glu Ser Glu Thr Ser Arg Glu Asp 

740 745 750 

Glu Tyr Lys Gin Lys Tyr Ser Arg Thr Tyr Asp Glu Thr Tyr Gin Arg 

755 760 765 

Tyr Arg Pro Val Ser Thr Ser Ser Ser Thr Thr Pro Ser Ser Ser Leu 

770 775 780 

Ser Thr Met Ser Ser Ser Leu Tyr Ala Ser Ser Gin Leu Asn Arg Pro 
785 790 795 800 

Asn Ser Leu Val Gly He Thr Ser Ala Tyr Ser Arg Gly He Thr Lys 

805 810 815 

Glu Asn Glu Arg Glu Gly Glu Lys Arg Glu Glu Glu Lys Glu Gly Glu 

820 825 830 

Asp Lys Ser Gin Pro Lys Ser He Arg Glu Arg Arg Arg Pro Arg Glu 

835 840 845 

Lys Arg Arg Ser Thr Gly Val Ser Phe Trp Thr Gin Asp Ser Asp Glu 

850 855 860 

Asn Glu Gin Glu Gin Gin Ser Asp Thr Glu Glu Gly Ser Asn Lys Lys 
865 870 875 880 

Glu Thr Gin Thr Asp Ser He Ser Arg Tyr Glu Thr Ser Ser Thr Ser 

885 890 895 

Ala Gly Asp Arg Tyr Asp Ser Leu Leu Gly Arg Ser Gly Ser Tyr Ser 

900 905 910 

Tyr Leu Glu Glu Arg Lys Pro Tyr Ser Ser Arg Leu Glu Lys Asp Asp 

915 920 925 

Ser Thr Asp Phe Lys Lys Leu Tyr Glu Gin He Leu Ala Glu Asn Glu 

930 935 940 

Lys Leu Lys Ala Gin Leu His Asp Thr Asn Met Glu Leu Thr Asp Leu 
945 950 955 960 

Lys Leu Gin Leu Glu Lys Ala Thr Gin Arg Gin Glu Arg Phe Ala Asp 

965 970 975 

Arg Ser Leu Leu Glu Met Glu Lys Arg Glu Arg Arg Ala Leu Glu Arg 

980 985 990 

Arg He Ser Glu Met Glu Glu Glu Leu Lys Met Leu Pro Asp Leu Lys 

995 1000 1005 

Ala Asp Asn Gin Arg Leu Lys Asp Glu Asn Gly Ala Leu He Arg Val 

1010 1015 1020 

He Ser Lys Leu Ser Lys 
1025 1030 

[0 119] iB^y#-^ ' 4 * : li:^^^ 

Mm<DM^ : 3 1 0 2 wm(Dmm : c DNA 

iB^ijcDM : mm * 

ATG AAG ATG GCG GAC GCXJ AAG CAG AAG CGG AAC GAG CAG CTG AAA CGC 48 
Met Lys Met Ala Asp Ala Lys Gin Lys Arg Asn Glu Gin Leu Lys Arg 

15 10 15 

TGG ATC GGC TCC GAG ACG GAC CTC Gm CCT CCG GTG GTG AAG CGC CAG 96 



55 

Trp He Gly 

AAG ACC AAG 
Lys Thr Lys 
35 

TCC AGC GGC 
Ser Ser Gly 
50 

GAG ATC AAT 
Asp He Asn 
65 

TGC ATT GAT 
Cys He Asp 

GCA AAT ATT 
Ala Asn He 

GCA GOT TCC 
Ala Ala Ser 
115 

GGA GCA CAT 
Gly Ala His 
130 

ATT GCG GAG 
He Ala Glu 
145 

CGG CAA GGG 
Arg Gin Gly 

ATG CTT AGA 
Met Leu Arg 

GTC CGG CAT 
Val Arg His 
195 

AAA GGC TAT 
Lys Gly Tyr 

210 ' 
GTT AAT ATT 
Val Asn He 
225 

CAT TGG GGT 
His Trp Gly 

GAT ATG GAG 
Asp Met Glu 

GAT GAA GAC 
Asp Glu Asp 
275 



Ser Glu 

20 
GTG AAG 
Val Lys 

GAC ACG 
Asp Thr 

TAC GCC 
Tyr Ala 

GAC AAT 
Asp Asn 
85 

AAT CAA 
Asn Gin 
100 

TGT GGA 
Cys Gly 

GTA GGG 
Val Gly 

GAG GAG 
Glu Glu 

GTT GAT 
Val Asp 
165 
GAT GCC 
Asp Ala 
180 

GCA AAA 
Ala Lys 

ACG GAA 
Thr Glu 

AAA GAC 
Lys Asp 

AAA GAA 
Lys Glu 
245 
ATG GTC 
Met Val 
260 

ATT TTA 

He Leu 



Thr Asp 

TTC GAC 
Phe Asp 

GAC GAG 
Asp Glu 
55 

AAT GTG 
Asn Val 

70 
GTT GAT 
Val Asp 

CCT GAT 
Pro Asp 

TAT CTT 
Tyr Leu 

GCT GTC 
Ala Val 
135 
GCA ATG 
Ala Met 
150 

ATA GAA 
He Glu 

AGG CAG 
Arg Gin 

TCT GGA 
Ser Gly 

GTT TTA 
Val Leu 
215 
TAT GAT 
Tyr Asp 
230 

GAA GCA 
Glu Ala 

AAC AAA 
Asn Lys 

GGA TAT 
Gly Tyr 



(29) 

Leu Glu Pro 
25 

GAT GGC GCC 
Asp Gly Ala 
40 

GTC CTC AAG 
Val Leu Lys 

GAC GGA CTC 
Asp Gly Leu 

ATG GTG AAG 
Met Val Lys 
90 

AAT GAA GGC 
Asn Glu Gly 

105 
GAT ATT GCA 
Asp He Ala 
120 

AAC AGT GAA 
Asn Ser Glu 

GAA GAG CTA 
Glu Glu Leu 

GCA GCT CGA 
Ala Ala Arg 
170 

TGG CTA AAT 
Trp Leu Asn 
185 

GGT ACA GCA 
Gly Thr Ala 
200 

AAA CTT TTA 
Lys Leu Leu 

GGC TGG ACA 
Gly Trp Thr 

TGT CGA ATT 
Cys Arg He 
250 

GTG GGC CAA 
Val Gly Gin 

265 
TTA GAA GAG 
Leu Glu Glu 
280 50 



10—57074 



56 

Pro Val Val Lys Arg Gin 
30 

GTC TTC CTG GCT GCT TGC 
Val Phe Leu Ala Ala Cys 
45 

CAC CGC GGC GCC 
His Arg Gly Ala 



CTG CTG 
Leu Leu 
60 

ACT GCC 
Thr Ala 

75 
TTT CTG 
Phe Leu 

TGG ATA 
Trp He 

GAG TTT 
Glu Phe 

GGA GAT 
Gly Asp 
140 
CTT CAA 
Leu Gin 
155 

AAG GAA 
Lys Glu 

AGT GGT 
Ser Gly 

CTT CAC 
Leu His 

ATA CAG 
He Gin 
220 
CCT CTT 
Pro Leu 
235 

TTA GTG 
Leu Val 

ACA GCC 
Thr Ala 

TTG CAA 
Leu Gin 



CTG CAC 
Leu His 

GTA GAA 
Val Glu 

CCA CTA 
Pro Leu 
110 
TTG ATT 
Leu He 
125 

ACA CCT 
Thr Pro 

AAT GAA 
Asn Glu 

GAA GAA 
Glu Glu 

CAT ATA 
His He 
190 
GTT GGA 
Val Ala 
205 

GCA GGC 
Ala Gly 

CAT GCT 
His Ala 

GAC AAT 
Asp Asn 

TTT GAT 
Phe Asp 
270 
AAG AAA 
Lys Lys 
285 



CAG GCT 
Gin Ala 
80 

AAT GGA 
Asn Gly 

95 
CAT GCA 
His Ala 

GGT CAA 
Gly Gin 

TTA GAT 
Leu Asp 

GTT AAT 

Val Asn 
160 

CGG ATC 

Arg He 
175 

AAT GAT 

Asn Asp 

GCT GCT 
Ala Ala 

TAT GAT 
Tyr Asp 

GCA GCT 
Ala Ala 
240 
CTG TGT 
Leu Cys 
255 

GTA GCA 
Val Ala 

CAA AAT 
Gin Asn 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



(30) 10-57074 
57 58 
CTG CTC CAT AGT GAA AAA CGG GAC AAG AAA TCT CCA CTA ATT GAA TCA 912 
Leu Leu His Ser Glu Lys Arg Asp Lys Lys Ser Pro Leu He Glu Ser 

290 295 300 

ACA GCA AAT ATG GAC AAT AAT CAG TCA CAG AAG ACC TTT AAA AAC AAA 960 
Thr Ala Asn Met Asp Asn Asn Gin Ser Gin Lys Thr Phe Lys Asn Lys 
305 310 315 320 

GAG ACG TTG ATT ATT GAA CCA GAG AAA AAT GCA TCC CGT ATT GAA TCT 1008 
Glu Thr Leu He He Glu Pro Glu Lys Asn Ala Ser Arg He Glu Ser 

325 330 335 

CTG GAA CAA GAA AAG GTT GAT GAA GAA GAA GAA GGA AAG AAG GAT GAG 1056 
Leu Glu Gin Glu Lys Val Asp Glu Glu Glu Glu Gly Lys Lys Asp Glu 

340 345 350 

TCT AGC TGC TCT AGT GAA GAA GAT GAG GAA GAT GAC TCG GAA TCA GAA 1104 
Ser Ser Cys Ser Ser Glu Glu Asp Glu Glu Asp Asp Ser Glu Ser Glu 

355 360 365 

GCT GAA ACA GAT AAG ACA AAA CCC CTG GCT TCT GTA ACT AAT GCC AAC 1152 
Ala Glu Thr Asp Lys Thr Lys Pro Leu Ala Ser Val Thr Asn Ala Asn 

370 375 380 

ACT TCT AGT ACA CAA GCA GCT CCT GTA GCT GTT ACA ACA CCT ACT GTG 1200 
Thr Ser Ser Thr Gin Ala Ala Pro Val Ala Val Thr Thr Pro Thr Val 
385 390 395 400 

TCA TCA GGT CAA GCA ACA CCT ACA TCA CCT ATT AAA AAG TTT CCA ACC 1248 
Ser Ser Gly Gin Ala Thr Pro Thr Ser Pro He Lys Lys Phe Pro Thr 

405 410 415 

ACA GCT ACA AAA ATT TCT CCC AAA GAA GAA GAG AGA AAA GAT GAG TCT 1296 
Thr Ala Thr Lys He Ser Pro Lys Glu Glu Glu Arg Lys Asp Glu Ser 

420 425 430 

CCT GCA ACT TGG AGG TTA GGA CTT AGA AAG ACG GGC AGC TAT GGT GCA 1344 
Pro Ala Thr Trp Arg Leu Gly Leu Arg Lys Thr Gly Ser Tyr Gly Ala 

435 440 445 

CTT GCT GAA ATC ACA GCA TCT AAA GAG GGT CAG AAA GAA AAA GAT ACT 1392 
Leu Ala Glu He Thr Ala Ser Lys Glu Gly Gin Lys Glu Lys Asp Thr 

450 455 460 

GCA GGT GTT ACA CGT TCA GCT TCA AGT CCC AGA CTT TCC TCC TCT TTG 1440 
Ala Gly Val Thr Arg Ser Ala Ser Ser Pro Arg Leu Ser Ser Ser Leu 
465 470 475 480 

GAT AAT AAA GAA AAG GAG AAA GAT AGT AAA GGA ACT AGG CTT GCA TAT 1488 
Asp Asn Lys Glu Lys Glu Lys Asp Ser Lys Gly Thr Arg Leu Ala Tyr 

485 490 495 

GTT GCA CCT ACA ATA CCA AGA CGA CTA GCC AGT ACA TCT GAC ATT GAA 1536 
Val Ala Pro Thr He Pro Arg Arg Leu Ala Ser Thr Ser Asp He Glu 

500 505 510 

GAG AAA GAA AAC AGA GAT TCT TCA AGT TTG CGA ACA AGT AGT TCA TAT 1584 
Glu Lys Glu Asn Arg Asp Ser Ser Ser Leu Arg Thr Ser Ser Ser Tyr 

515 520 525 

ACA AGG AGA AAA TGG GAA GAT GAT CTT AAA AAA AAT AGC TCA GTT AAT 1632 
Thr Arg Arg Lys Trp Glu Asp Asp Leu Lys Lys Asn Ser Ser Val Asn 

530 535 540 

GAA GGA TCA ACG TAT CAT AAA AGT TGC TCC TTT GGT AGA AGA CAA GAT 1680 
Glu Gly Ser Thr Tyr His Lys Ser C5K) Ser Phe Gly Arg Arg Gin Asp 



(31) 10-57074 
59 60 
545 550 555 560 

GAT TTG ATT AGT TCT AGT GTT CCA AGC ACC ACA TCA ACA CCA ACA GTT 1728 
Asp Leu He Ser Ser Ser Val Pro Ser Thr Thr Ser Thr Pro Thr Val 

565 570 575 

ACC TCT GCA GCT GGG CTT CAG AAA AGC CTG CTT TCC AGC ACA AGC ACT 1776 
Thr Ser Ala Ala Gly Leu Gin Lys Ser Leu Leu Ser Ser Thr Ser Thr 

580 585 590 

ACT ACA AAG ATT ACA ACG GGT TCT TCC TCA GCA GGC ACA CAA AGC AGT 1824 
Thr Thr Lys He Thr Thr Gly Ser Ser Ser Ala Gly Thr Gin Ser Ser 

595 600 605 

ACC TCA AAT CGT TTG TGG GCT GAG GAT AGT ACT GAG AAA GAA AAG GAC 1872 
Thr Ser Asn Arg Leu Trp Ala Glu Asp Ser Thr Glu Lys Glu Lys Asp 

610 . 615 620 

AGT GTT CCT ACG GCA GTG ACC ATT CCT GTT GCT CCA ACT GTT GTA AAT 1920 
Ser Val Pro Thr Ala Val Thr He Pro Val Ala Pro Thr Val Val Asn 
625 630 635 640 

GCT GCA GCT TCT ACC ACA ACC CTG ACT ACA ACT ACT GCT GGC ACT GTC 1968 
Ala Ala Ala Ser Thr Thr Thr Leu Thr Thr Thr Thr Ala Gly Thr Val 

645 650 655 

TCC TCC ACA ACA GAG GTC AGG GAG AGA CGC AGA TCA TAC CTC ACT CCT 2016 
Ser Ser Thr Thr Glu Val Arg Glu Arg Arg Arg Ser Tyr Leu Thr Pro 

660 665 670 

GTT AGG GAT GAA GAG TCT GAA TCC CAA AGA AAA GCA AGA TCT AGA CAA 2064 
Val Arg Asp Glu Glu Ser Glu Ser Gin Arg Lys Ala Arg Ser Arg Gin 

675 680 685 

GCA AGA CAA TCT AGA AGA TCA ACA CAG GGA GTG ACA TTA ACT GAT CTT 2112 
Ala Arg Gin Ser Arg Arg Ser Thr Gin Gly Val Thr Leu Thr Asp Leu 

690 695 700 

CAA GAA GCT GAG AAA ACA ATA GGA AGA AGT CGT TCT ACC CGA ACC AGA 2160 
Gin Glu Ala Glu Lys Thr He Gly Arg Ser Arg Ser Thr Arg Thr Arg 
705 710 715 720 

GAA CAA GAA AAT GAA GAA AAA GAA AAA GAG GAA AAA GAG AAA CAA GAT 2208 
Glu Gin Glu Asn Glu Glu Lys Glu Lys Glu Glu Lys Glu Lys Gin Asp 

725 730 735 

AAA GAG AAA CAA GAA GAA AAG AAG GAG TCA GAA ACA TCT AGA GAA GAT 2256 
Lys Glu Lys Gin Glu Glu Lys Lys Glu Ser Glu Thr Ser Arg Glu Asp 

740 745 750 

GAA TAT AAA CAA AAG TAC TCC AGA ACG TAT GAT GAG ACT TAC CAG CGT 2304 
Glu Tyr Lys Gin Lys Tyr Ser Arg Thr Tyr Asp Glu Thr Tyr Gin Arg 

755 760 765 

TAT AGG CCA GTA TCA ACT TCA AGT TCA ACC ACT CCA TCC TCT TCA CTT 2352 
Tyr Arg Pro Val Ser Thr Ser Ser Ser Thr Thr Pro Ser Ser Ser Leu 

770 775 780 

TCT ACT ATG AGC AGT TCA CTG TAT GCT TCA AGT CAA CTA AAC AGG CCA 2400 
Ser Thr Met Ser Ser Ser Leu Tyr Ala Ser Ser Gin Leu Asn Arg Pro 
785 790 795 800 

AAT AGT CTT GTA GGC ATA ACT TCT GCT TAC TCC AGA GGA ATA ACA AAA 2448 
Asn Ser Leu Val Gly He Thr Ser Ala Tyr Ser Arg Gly He Thr Lys 

805 810 815 

GAA AAT GAA AGA GAG GGA GAA AAA A(BO GAA GAG GAG AAA GAA GGA GAA 2496 



(32) _ 

61 ^2 
Glu Asn Glu Arg Glu Gly Glu Lys Arg Glu Glu Glu Lys Glu Gly Glu 

820 825 830 

GAT AAA TCA CAA CCT AAA TCA ATC AGA GAA CGA CGA CGk CCA AGA GAG 
Asp Lys Ser Gin Pro Lys Ser He Arg Glu Arg Arg Arg Pro Arg Glu 

835 840 845 

AAA AGA AGA TCT ACA GGA GTT TCA TTT TGG ACA CAA GAT AGT GAT GAA 
Lys Arg Arg Ser Thr Gly Val Ser Phe Trp Thr Gin Asp Ser Asp Glu 

850 855 860 

AAT GAA CAA GAA CAA CAA TCA GAC ACA GAA GAG GGA TCC AAT AAG AAA 
Asn Glu Gin Glu Gin Gin Ser Asp Thr Glu Glu Gly Ser Asn Lys Lys 
865 870 875 880 

GAA ACT CAG ACG GAT TCC ATT TCT AGA TAT GAA ACC AGT TCT ACA TCA 
Glu Thr Gin Thr Asp Ser He Ser Arg Tyr Glu Thr Ser Ser Thr Ser 

885 890 895 

GCT GGT GAT CGA TAT GAT TCC TTG CTG GGT CGC TCT GGA TCA TAC AGT 
Ala Gly Asp Arg Tyr Asp Ser Leu Leu Gly Arg Ser Gly Ser Tyr Ser 

900 905 910 

TAC TTA GAA GAA AGA AAA CCT TAC AGC AGC AGG CTA GAA AAG GAT GAC 
Tyr Leu Glu Glu Arg Lys Pro Tyr Ser Ser Arg Leu Glu Lys Asp Asp 

915 920 925 

TCA ACT GAC TTT AAA AAG CTT TAT GAA CAA ATT CTA GCT GAA AAT GAA 
Ser Thr Asp Phe Lys Lys Leu Tyr Glu Gin He Leu Ala Glu Asn Glu 

930 935 940 

AAG CTG AAG GCA CAG CTA CAT GAT ACA AAT ATG GAA CTA ACA GAT CTT 
Lys Leu Lys Ala Gin Leu His Asp Thr Asn Met Glu Leu Thr Asp Leu 
945 950 955 960 

AAA TTA CAG TTG GAA AAG GCC ACC CAG AGA CAA GAA AGA TTT GCT GAT 
Lys Leu Gin Leu Glu Lys Ala Thr Gin Arg Gin Glu Arg Phe Ala Asp 

965 970 975 

AGA TCA CTG TTG GAA ATG GAA AAA AGG GAA CGA AGA GCT CTA GAA AGA 
Arg Ser Leu Leu Glu Met Glu Lys Arg Glu Arg Arg Ala Leu Glu Arg 

980 985 990 

AGA ATA TCT GAA ATG GAA GAA GAG CTC AAA ATG TTA CCA GAG CTk AAA 
Arg He Ser Glu Met Glu Glu Glu Leu Lys Met Leu Pro Asp Leu Lys 

995 1000 1005 

GCA GAC AAC CAG AGG CTA AAG GAT GAA AAT GGG GCC TTG ATC AGA GTT 
Ala Asp Asn Gin Arg Leu Lys Asp Glu Asn Gly Ala Leu He Arg Val 



1010 1015 
ATA AGC AAA CTT TCC AAA TAAAAAAAAA AA 

He Ser Lys Leu Ser Lys 
1025 1030 
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2544 



2592 



2640 



2688 



2736 



2784 



2832 



2880 



2928 



2976 



3024 



3072 



3102 
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